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UNER HANGER WITH SLIDING SLEEVE VALVE 
Cross Reference To Related Applications 

This application claims tiie benefit of the filing date of U.S. provisional 

patent application serial number 60y233,638, attorney docket number 25791.47, 

filed on 9/18/2000, the disclosure of which is incorporated herein by reference. 

5 This application is related to the following co-pending applications: (1) 

U.S. patent application serial no. 09/454,139, attorney docket no. 25791.03.02, 
filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney 
docket no. 25791.7.02, filed on 2/28/2000, (3) U.S. patent appUcation serial no. 
09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 

10 application serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 
11/15/1999, (5) U.S. patent application serial no, 09/523,460, attorney docket 
no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent application serial no. 
09/612,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 

15 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent appUcation serial no. 09/559,122, 
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) U.S. patent application 

serial no. , attorney docket no. 25791.25.02, filed on 7/9/2000, (11) 

U.S. provisional patent application serial no. 60/162,671, attorney docket no, 

20 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. 
provisional patent application serial no. 60/159,082, attorney docket no. 
25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 
60A59,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 

25 provisional patent application serial no. 60/159,033, attorney docket no. 

25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 
26791.39, filed on 11/12/1999, (18) U.S. provisional patent application serial no. 

30 , attorney docket no. 25791.45, filed on 7/28/2000, and (19) U.S. 

provisional patent application serial no. , attorney docket no. 
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^S79?46, ffled on 7/28/2000. Applicants incorporate by reference the 

disclosures of these plications. 

Background of the Invention 
This invention relates generally to wellbore casings, and in particular to 
5 wellbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are 
installed in the borehole to prevent collapse of the borehole waB and to prevent 
raidesired outflow of drilling fluid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled in intervals whereby a 
10 «.rine which is to be installed in a lower borehole interval is lowered through a 
previously installed casing of an upper borehole interval. As a consequence of 
this procedure the casing of the lower interval is of smaller diameter than the 
raring of the upper interval. Thus, the casmgs are in a nested arrangement with 
casing diameters decreasing in downward direction. Cement anmdi are 
15 provided between tiie outer surfaces of the casings and the borehole wall to seal 
the casings from the borehole wall. As a consequence of this nested 
arrangement a relatively large borehole diameter is required at tiie upper part 
of the weUbore. Such a large borehole diameter involves increased costs due to 
heavy casing handling equipment, large drill bits and increased volumes of 
20 drilling fluid and drill cuttings. Moreover, increased drilling rig time is involved 
due to required cement pumping, cement hardening, required equipment 
changes due to large variations in hole diameters driUed in the course of the 
well, and the large volume of cuttings drilled and removed. 

The present invention is directed to overcoming one or more of the 
25 limitations of the existing procedures for forming wellbores. 

Summary of the Invention 
According to one aspect of the invention, a method of forming a wellbore 
casing within a borehole vnthin a subterranean formation is provided that 
includes positioning an expandable tubular member within the borehole, 
30 injecting fluidic materials into the eq)andable tubular member, fluididy 
isolating a first region from a second region within the expandable tubular 
member, fltddidy coupling the first and second regions, iiyecting a hardenable 
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fluidic sealing material into the expandable tubular member, fluidicly 

decoupling the first and second r^ons, and ii\jecting a non-hardenable fluidic 

material into the expandable tubxalar member to radially expand the tubular 

member. 

5 According to another aspect of the present invention, an apparatus for 

forming a wellbore casing within a borehole Avithin a subterranean formation is 
provided that inchides means for positioning an expandable tubular member 
within the borehole, means for injecting fluidic materials into the expandable 
tubular member, means for flmdicly isolating a first region from a second 

10 region within the expandable tubular member, means for fluidicty coupling the 
first and second regions, means for injecting a hardenable fhiidic sealing 
material into the expandable tubular member, means for flmdicly decoupling 
the fibrst and second regions, and means for injecting a non-hardenable fluidic 
material into the expandable tubular member to radially expand the tubular 

IS member. 

AccordiQg to another aspect of the present invention, a method of 
forming a wellbore casing within a borehole within a subterranean formation is 
provided that includes positioning an expandable tubxdar member within the 
borehole, injecting fluidic materials into the expandable tubular member, 

20 fhiididy isolating a first region firom a second region within the expandable 
tubular member, injecting a non-hardenable fltddic material into the 
expandable tubular member to radially expand at least a portion of the tubtilar 
member, fluidicly coupling the first and second regions, injecting a hardenable 
fluidic sealing material into the e^andable tubtQar member, fluidicly 

25 decoupling the first and second regions, and injecting a non-hardenable fluidic 
material into the expandable tubtdar member to radially expand another 
portion of the tubular member. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a borehole within a subterranean formation is 

30 provided that includes means for positioning an expandable tubular member 
within the borehole, means for injecting fluidic materials into the expandable 
tubular member, means for fluidicly isolating a fiarst region fix)m a second 
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region within the expandable tubvilar member, means for injecting a non- 
hardenable fluidic material into the expandable tubular member to radially 
expand at least a portion of the tubular member, means for fluididy coupling 
the first and second regions, means for injectmg a hardenable fhiidic sealing 
5 material into the expandable tubular member, means for fluididy decoupling 
the first and second regions, and means for injectmg a non-hardenable fluidic 
material into the expandable tubular member to radially expand another 
portion of the tubular member. 

According to another aspect of the present invention, an apparatus for 
10 forming a wellbore casmg within a borehole within a subterranean formation is 
provided that indudes a first annular support member defining a first flxiid 
passage and one or more first radial passages having pressure sensitive valves 
fluididy coupled to the first fluid passage, an flrmiilar expansion cone coupled to 
the first annular support member, an expandable tubular member movably 
15 coupled to the expansion cone, a second annular support member defining a 
second fluid passage coupled to the expandable tubular member, an annular 
valve member defining a third fluid passage fluididy coupled to the first and 
second fluid passages having first and second throat passages, defining second 
and third radial passages fluididy coupled to the third fluid passage, coupled to 
20 the second annular support member, and movabfy coupled to the first a nnular 
support member, and an aimular sleeve releasably coupled to the first annular 
support member and movably coupled to the annular valve member for 
controUably fluididy coupling the second and third radial passages. An annular 
region is defined by the region between the tubular member and the first 
25 annnlflr support member, the second annular support member, the a nnul a r 
valve member, and the annular sleeve. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing in a borehole in a subterranean formation is provided 
that indudes means for radially expanding an expandable tubular member and 
30 means for injecting a hardenable fluidic sealing material iato an annulus 
between the expandable tubular member and the borehole. 
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According to another aspect of the present invention, a method of 

operating an apparatus for forming a wellbore casing within a borehole within a 

subterranean formation is provided. The apparatus includes a first aTinnlar 

siq>port member defining a first fluid passage and one or more first radial 

S passages having pressure sensitive valves fluidicly coupled to the first fluid 

passage, an ammlar expansion cone coupled to the first anmilftr support 

member, an expandable tubular member movably coupled to the expansion 

cone, a second antinlar support member defining a second fluid passage coupled 

to the e^andable tubular member, an annular valve member defioing a third 

10 fluid passage fluidicly coupled to the first and second fluid {passages having top 
and bottom throat passages, defining second and third radial passages fluidicly 
coupled to the third fluid passage, coupled to the second flrinnifl r support 
member, and movably coupled to the first annular support member, and an 
annular sleeve releasably coupled to the first nTimilfir support member and 

1 5 movably coupled to the aimular valve member for controUably fluidicly coupling 
the second and third radial passages. An armnl^^r region is defined by the 
region between the tubtdar member and the first anTin lar support member, the 
second annular support member, the AT^Tmlar valve member, and the fltiTmlflr 
sleeve. The method includes positioning the apparatus within the borehole, 

20 injecting fluidic materials into the first, second and third fluid passages, 

positioning a bottom plug in the bottom throat passage, displacing the annular 
sleeve to fluidicly couple the second and third radial passages, injecting a 
hardenable fluidic sealing material through the first, second, and third fliiid 
passages, and the second and third radial passages, displacing the unTmli^r 

25 sleeve to fluidicly decouple the second and third radial passages, and injecting a 
non-hardenable fluidic material through the first fluid passage and the first 
radial passages and pressure sensitive valves into the flnmilfir r^on to radialfy 
expand the expandable tubidar member. 

According to another aspect of the present invention, a method of 

30 operating an apparatus for forming a wellbore casing within a borehole within a 
subterranean formation is provided in which the apparatus includes a first 
annular support member defining a first fluid passage and one or more first 
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radial passages having pressure sensitive valves fluidicly coupled to the first 
fluid passage, an annular expsnaon cone coupled to the first annular support 
meniber, an ea^wndable tubular member movably coupled to the expansion 
cone, a second annular support member defining a second fluid passage coupled 

5 to the expandable tubular member, an annular vahre member defining a third 
fluid passage fluidicly coupled to the first and second fluid passages having top 
and bottom throat passages, defining second and third radial passages fluidicly 
coupled to the third fluid passage, coupled to the second a n rmlar support 
member, and movably coupled to the first nTinnlar support member, and an 

10 amiular sleeve releasabty coupled to the first annular support member and 

movably coupled to the annular valve member for controllably fluidicly coupling 
the second and third radial passages. An annular region is defined by the 
region between the tubular member and the Gxst annular support member, the 
second |*r^r^^^^ar support member, the annular valve member, and the annular 

1 5 sleeve. The method includes positioning the apparatus within the borehole, 
injecting fluidic materials into the first, second and third fluid passages, 
positioning a bottom phig in the bottom throat passage, injecting a non- 
hardenable fluidic material through the first fluid passages and the first radial 
passages and pressure sensitive valves into &e annular region to radiaUy 

20 expand a portion of the eapandable tubular member, displacing the annular 
sleeve to fluidicly couple the second and tiurd radial passages, injecting a 
hardenable fluidic sealing material through the first, second, and third fluid 
passages, and the second and third radial passages, displacing the annular 
sleeve to fluidicly decouple the second and third radial passages, and injecting a 

25 non-hardenable fluidic material throTigh the first fluid passage and the first 
radial passages and pressure sensitive valves into the annular region to radialbjr 
expand another ix>rfcion of the expandable tubular member. 

According to one aspect of the invention, a method of coupling an 
expandable tubular member to a preexisting structure is provided that includes 

30 positioning an expandable tubular member within the preexisting structure, 
injecting fluidic materials into the expandable tubular member, flmdicly 
isolating a first region from a second region witlun the ejqpandable tubular 
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member, fluidicly coupling the first and second regions, injecting a hardenable 
fluidic sealing material into the expandable tubidar member, fluidicly 
decoupling the first and second regions, and injecting a non-hardenable fluidic 
material into the expandable tubular member to radially expand the tubular 
5 member. 

According to another aspect of the present invention, an apparatus for 
coupling an esgciandable tubular member to a preexisting structure is provided 
that includes means for positioning the e^andable tubular member within the 
preexisting structure, means for injecting fluidic materials into the expandable 

10 tubular member, means for fluidicly isolating a first region from a second 

region within the expandable tubular member, means for fluidicly coupling the 
first and second regions, means for irjecting a hardenable fluidic sealing 
material into the expandable tubular member^ means for fhzidicly decoupling 
the first and second regions, and means for ii^ecting a non-hardenable fluidic 

IS material into the espandable tubular member to radially e^and the tubtdar 
member. 

According to another aspect of the present invention, a method of 
coupling an expandable tubular member to a preexisting structure is provided 
that includes positioning the expandable tubular member within the 

20 preexisting structure, injecting fluidic materials into the expandable tubular 
member, fluidicly isolaidng a first region from a second region within the 
expandable tubtOar member, injecting a non-hardenable fluidic material into 
the e^andable tubular member to radially e^3and at least a portion of the 
tubular member, fluidicly coupling the first and-second regions, injecting a 

25 hardenable fliudic sealing material into the expandable tubular member, 

fluidicly decoupling the first and second regions, and injecting a non-hardenable 
fluidic material into the expandable tubular member to radially expand another 
portion of the tubidar member. 

According to another aspect of the present invention, an apparatus for 

30 coupling an espandable tubular member to a preexisting structure is provided 
that includes means for positioning the expandable tubular member within the 
pree xi s ting structure, means for injecting fluidic materials into the expandable 
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tubular member, means fpr fluididy isolating a first region from a second 
region within the expandable tubular member, means for iiyecting a non- 
hardenable flxddic material into the espandable tubular member to radially 
expand at least a portion of the tubular member, means for fluididy coupling 
5 the first and second regions, means for injecting a hardenable fluidic sealing 
material into the expandable tubular member, means for fluididy decoupling 
the first and second regions, and means for injecting a non-hardenable fluidic 
material into the expandable tubular member to radiaUy expand another 
portion of the tubular member. 
10 According to another aspect of the present invention, an apparatus for 

coupling an expandable tubular member to a preexisting structure is provided 
that indudes a first annular support member defining a first fluid passage and 
one or more first radial passages having pressure sensitive valves fluididy 
coupled to the first fluid passage, an a nTiulnr expansion cone coupled to the first 
1 5 annidar support member, an expandable tubular member movably coupled to 
the expansion cone, a second annular support member defining a second fluid 
passage coupled to the expandable tubular member, an annular valve member 
defining a third fluid passage fluidid[y coupled to the first and second fluid 
passages having first and second throat passages, defining second and third 
20 radial passages fluididy coupled to the third fluid passage, coupled to the 
second flnmilar support member, and movably coupled to the first annular 
support member, and an Qtimiiflr sleeve releasably coupled to the first annular 
support member and movably coupled to the annular valve member for 
controllably fluididy coupling the second and third radial passages. An annxilar 
25 region is defined by the region between the tubular member and the first 
ffT^wnlar support member, the second annular sup])ort member, the armular 
valve member, and the annular sleeve. 

According to another aspect of the present invention, an apparatus for 
coupling an expandable tubular member to a preexisting structure is provided 
30 ibat indudes means for radially e2q)anding an expandable tubular member and 
means for injecting a hardenable fluidic sealing material into an annulus 
between the expandable tubular manber and the borehole. 
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According to another aspect of the present invention, a method of 
operating an apparatus for coupling an expandable tubular member to a 
preexisting structure is provided. The apparatus includes a first aTinular 
support member defining a first fluid passage and one or more first radial 

5 passages having pressure sensitive valves flioidicly coupled to the first flxiid 
passage, an pTrnnlar expansion cone coupled to the first annular support 
member, an expandable tubtdar member movably coupled to the expansion 
cone, a second flutwlflr support member defining a second fluid passage coupled 
to the expandable tubular member, an annular valve member defining a third 

10 fluid passage fluidicly coupled to the first and second fluid passages having top 
and bottom throat passages, defining second and third radial passages fluidicly 
coupled to the third fluid passage, coupled to the second annular support 
member, and movably coupled to the first annular support member, and an 
flTinnlflr sleeve releasably coupled to the first annular support member and 

1 5 movably coupled to the PTiTmlnr valve member for controUably fluidicly coupling 
the second and third radial passages. An annnlar region is defined by the 
region between the tubular member and the first annular support member, the 
second annular support member, the annular valve member, and the annular 
sleeve. The method indudes positioning the apparatus withia the preexisting 

20 stracture, injecting fluidic materials into the first, second and third fluid 

passages, positioning a bottom plug m the bottom throat passage, displacing the 
gnnnlar sleeve to fluididy couple the second and third radial passages, injecting 
a hardenable fluidic sealing material through the first, second, and third fluid 
passages, and the second and third radial passages, displacing the annular 

25 sleeve to fluidicly decouple the second and third radial passages, and injecting a 
non-hardenable fluidic material through the first fluid passage and the first 
radial passages and pressure sensitive valves into the annidar region to radially 
expand the expandable tubular member. 

According to another aspect of the present invention, a method of 

30 operating an appairatus for coupling an expandable tubular member to a 

preexisting stmcture is provided in which the apparatus indudes a first annular 
support member definiag a first fluid passage and one or more first radial 
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passages having pressure sensitive valves fltddidy coupled to the first fiuid 
passage, an annular expansion cone coupled to the first annular support 
member, an expandable tubular memher movably coupled to the expansion 
cone, a second annular support member defining a second fluid passage coupled 
5 to the expandable tubular memher, an annular valve member defining a third 
fluid passage fluididy coupled to the first and second fluid passages having top 
and bottom throat passages, defining second and third radial passages fluididy 
coupled to the third fluid passage, coupled to the second annular support 
member, and movably coupled to the first annular support member, and an 
10 annular sleeve releasably coupled to the first annular support memher and 

movably coupled to the annular valve member for controllably fluididy coupling 
the second and third radial passages. An annular region is defined by the 
region between the tubular member and the first annular support member, the 
second annular support member, the annular valve member, and the annular 
1 5 sleeve. The method includes positioning the apparatus within the preexisting 
structure, ii^^eddng fluidic materials into the first, second and third fluid 
passages, positioning a bottom plug m the bottom throat passage, injecting a 
non-hardenable fluidic material through the first fluid passages and the first 
radial passages and pressure sensitive valves mto the annular region to radially 
20 expand a portion of the expandable tubular member, displadng the annular 
sleeve to fluididy couple tiie second and third radial passages, ii\jecting a 
hardenable fluidic sealing material through the first, second, and third fluid 
passages, and the second and third radial passages, displacing the fl rmul fl r 
sleeve to fluididy decouple the second and third radial passages, and injecting a 
25 non-hardenable fluidic material through the first fluid passage and the first 
radial passages and pressure sensitive valves into the aimular region to radially 
expand anotiier portion of the expandable tubular member. 

Brief Description of the Drawings 
Figs. 1 and la-lc are cross sectional illustrations of an embodiment of a 
30 liner hanger assembly including a sUdiog sleeve valve assembly. 

Figs. 2a-2b is a flow chart illustration of an embodiment of a method for 
forming a wellbore casmg using the liner hanger assonbly of Figs. 1 and la-lc. 
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Figs. 3a-3c are cross sectional illxistrations of the placement of the liner 
hanger assembly of Figs. 1 and la-lc into a wellbore. 

Figs. 4a-4c are cross sectional illustrations of the injection of a fluidic 
materials into the liner hanger assembly of Figs. 3a-3c. 
5 Figs. 5a-5c are cross sectional illustrations of the placement of a bottom 

phig into the liner hanger assembly of Figs. 4a-4c. 

Figs. 6a-6c are cross sectional illustrations of the downward displacement 
of sliding sleeve of the liner hanger assembly of Figs. 5a-5c. 

Figs. 7a- 7c are cross sectional illustrations of the injection of a 
10 hardenable fluidic sealing material into the liner hanger assembly of Figs. 6a-6c 
that bypasses the plug. 

Figs. 8a-8c are cross sectional illustrations of the placement of a top plug 
into the liner hanger assembly of Figs. 7a-7c. 

Figs. 9a-9c are cross sectional illustrations of the upward displacement of 
1 S sliding sleeve of the liner hanger assembly of Figs. 8a-8c. 

Figs. lOa-lOc are cross sectional illustrations of the injection of a 
pressurized fluidic material into the hner hanger assembly of Figs. 9a-9c in 
order to radially expand and plastically deform the expansion cone launcher. 

Figs, lla-llb is a flow chart illustration of an alternative embodiment of 
20 a method for forming a wellbore casing using the liner hanger assembly of Figs, 
land la-lc. 

Figs. 12a-12c are cross sectional niustrations of the injection of a 
. pressurized fluidic material into the liner hanger assembly of Figs. 5a-5c in 
order to at least partially radially expand and plastically deform the expansion 
25 cone launcher. 

Figs. 13a- 13c are cross sectional illustrations of the downward 
displacement of the sliding sleeve of the liner hanger assembly of Figs. 12a-12c. 

Figs. 14a-14c are cross sectional illustrations of the injection of a 
hardenable fluidic sealing material through the liner hanger assembly of Figs. 
30 13a-13c. 

Figs. 15a-15c are cross sectional illustrations of the injection and 
placement of a top plug into the liner hanger assembly of Figs. 14a- 14c. 
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Figs. 16a-16c are cross sectional iUustrations of the upward displacement 
of the sUding sleeve of the liner hanger assembly of Figs. 15a-15c. 

Figs. 17a-17c are cross sectional illustrations of the injection of a 
pressurized fluidic material into the liner hanger assembly of Figs. 16a-16c in 
5 order to complete the radial expansion of the expansion cone launcher. 

Figs. 18, 18a, 18b, and 18c are cross sectional illustrations of an 
alternative embodiment of a liner hanger assembly inchiding a sliding sleeve 
valve assembly. 

Figs. 19a-19b is a flow chart illustration of an embodiment of a method 
10 for forming a wellbore casing usmg the liner hanger assembly of Figs. 18 and 
18a-18c. 

Figs. 20a-20c are cross sectional illustrations of the placement of the 
liner hanger assembly of Figs. 18 and 18a-18c into a wellbore. 

Figs. 21a-21c are cross sectional illustrations of the injection of a fluidic 
15 materials into the liner hanger assembly of Figs. 20a-20c. 

Figs. 22a-22c are cross sectional illustrations of the placement of a 
bottom phig into the liner hanger assembly of Figs. 21a-21c. 

Figs. 23a-23c are cross sectional illustrations of the downward 
displacement of shding sleeve of the liner hanger assembly of Figs. 22a-22c. 
20 Figs. 24a-24c are cross sectional illustrations of the injection of a 

hardenable fluidic sealing material into the liner hanger assembly of Figs. 23a- 
23c that bypasses the bottom plug. 

Figs. 25a-25c are cross sectional illustrations of the placement of a top 
plug into the hner hanger assembly of Figs. 24a-24c. 
25 Figs. 26a-26c are cross sectional illustrations of the upward displacement 

of sliding sleeve of the liner hanger assembly of Figs. 25a-25c. 

Figs. 27a-27c are cross sectional illustrations of the injection of a 
pressurized fluidic material into the liner hanger assembly of Figs. 26a-26c in 
order to radially expand and plastically deform the expansion cone launcher. 
30 Figs. 28a-28b is a flow chart illustration of an alternative embodiment of 

a method for forming a wellbore casing using the liner hanger assembly of Figs. 
18 and 18a-18c. 
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Figs, 29a-29c are cross sectional illusixations of the injection of a 
pressurized flxiidic material into the liner hanger assembly of Figs. 22a-22c in 
order to at least partially radially e25)and and plastically deform the expansion 
cone launcher. 

5 Figs. 30a-30c are cross sectional illustrations of the downward 

displacement of the sliding sleeve of the liner hanger assembly of Figs. 29a-29c. 

Figs. 31a-31c are cross sectional illustrations of the iiyection of a 
hardenable fluidic sealing material through the liner hanger assembly of Figs. 
30a-30c. 

10 Figs, 32a-32c are cross sectional illustrations of the injection and 

placement of a top plug into the liner hanger assembly of Figs. 31a-31c. 

Figs. 33a-33c are cross sectional illustrations of the upward displacement 
of the sliding sleeve of the liner hanger assembly of Figs. 32a-32c. 

Figs. 34a-34c are cross sectional illustrations of the injection of a 
15 pressurized fluidic material into the liner hanger assembly of Fi^. 33a-33c in 
order to complete the radial expansion of the expansion cone launcher. 

Detailed Description 
A liner hanger assembly having sliding sleeve bypass valve is provided. 
In several alternative enibodiments, the liner hanger assembly provides a 
20 method and apparatus for forming or repairing a wellbore casing, a pipeline or a 
structural support. 

Referring initially to Figs. 1, la, lb, and Ic, an embodiment of a liner 
hanger assembly 10 includes a &st tubtdar support member 12 defining an 
internal passage 12a that includes a threaded counterbore 12b at one end, and a 
25 threaded counterbore 12c at another end. A second tubular support member 14 
defining an internal passage 14a includes a first threaded portion 14b at a first 
end that is coupled to the threaded counterbore 12c of the first tubular support 
member 12, a stepped flange 14c, a counterbore 14d, a threaded portion 14e, 
and internal splines 14f at another end. The stepped flange 14c of the second 
30 tubular support member 14 fiirther defines radial passages 14g, 14h, 141, and 
14j. A third tubular support member 16 defining an internal passage 16a for 
receiving the second tubular support member 14 includes a first flange 16b, a 
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second flange 16c, a first counterbore 16d, a second counterbore 16e having an 
internally threaded portion 16f, and an internal flange 16g. The second flange 
16c further includes radial passages 16h and 16i. 

An annidar expansion cone 18 defining an internal passage 18a for 
5 receiving the second and third tubular support members, 14 and 16, includes a 
counterbore 18b at one end, and a counterbore 18c at another end for receiving 
the flange 16b of the second tubular support member 16. The amiular 
e3q)ansion cone 18 further includes an end face 18d that mates vdth an end face 
16j of the flange 16c of the second tubular support member 16, and an exterior 
10 surface 18e having a conical shape ui order to facilitate the radial expansion of 
tubular members. A tubular expansion cone launcher 20 is movably coupled to 
the exterior surface 18e of the expansion cone 18 and includes a first portion 
20a having a first wall thickness, a second portion 20b having a second wall 
thickness, a threaded portion 20c at one end, and a threaded portion 20d at 
15 another end. In a preferred embodiment, the second portion 20b of the 
expansion cone laxmcher 20 mates with the conical outer surface 18e of the 
eJ5)ansion cone 18. In a preferred embodiment, the second wall thickness is less 
than the first wall thickness in order to optimize the radial expansion of the 
expanaon cone launcher 20 by the relative axial displacement of the expansion 
20 cone 18. In a preferred embodiment, one or more expandable tubulars are 
coupled to the threaded connection 20c of the expansion cone laimcher 20. In 
this manner, the assembly 10 may be vised to radially expand and plastically 
deform, for example, thousands of feet of expandable tubulars. 

An annular spacer 22 defining an internal passage 22a for receiving the 
25 second tubular support member 14 is received within the counterbore 18b of 
the expansion cone 18, and is positioned between an end face 12d of the first 
tubular support member 12 and an end fece of the coimterbore 18b of the 
expansion cone 18. A fourth tubular support member 24 de fining an internal 
passage 24a for receiving the second tubular support member 14 includes a 
30 flange 24b that is received vdthin the cotinterbore 16d of the third tubular 
support member 16. A fifth tubtilar support member 26 defining an internal 
passage 26a for receiving the second tubular support member 14 includes an 
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internal flange 26b for mating with the flange 14c of the second tubular support 
member and a flange 26c for mating with the internal flange 16g of the third 
tubular support member 16. 

An ?TiTinlflr sealing member 28, an annular sealing and support member 
5 30, an ftTinnlAr sealing member 32, and an annular sealing and support member 
34 are received within the counterbore 14d of the second tubular support 
member 14. The flTmnlfir sealing and support member 30 further includes a 
radial opening 30a for supporting a rupture disc 36 within the radial opening 
14g of the second tubular support member 14 and a sealing member 30b for 

10 sealing the radial opening 14h of the second tubular support member. The 
^Tinnlflr sealing and support member 34 further includes sealing members 34a 
and 34b for sealing the radial openings 14i and 14^, respectively, of the second 
tubular support member 14. In an exemplary embodiment, the rupture disc 36 
opens when the operating pressure within the radial openiog 30b is about 1000 

IS to 5000 psi. In this manner, the rupture disc 36 provides a pressure sensitive 
valve for controlling the flow of fl\ddic materials through the radial opening 
30a In several alternative embodiments, the assembly 10 includes a plurality 
of radial passages 30a, each with corresponding rupture discs 36. 

A sixth tubular support member 38 defining an internal passage 38a for 

20 receiving the second tubular support member 14 includes a threaded portion 
38b at one end that is coupled to the threaded portion 16f of the third tubular 
support member 16 and a flange 38c at another end that is movably coupled to 
the interior of the expansion cone laimcher 20. An annular collet 40 includes a 
threaded portion 40a that is coupled to the threaded portion 14e of the second 

25 tubular supjxDrt member 14, and a resilient coupling 40b at another end. 

An amnxlar sliding sleeve 42 defining an internal passage 42a includes an 
internal flange 42b, having sealing members 42c and 42d, and an external 
groove 42e for releasably engaging the coupling 40b of the collet 40 at one end, 
and an iatemal flange 42f , having sealing members 42g and 42h, at another 

30 end. Diiring operation the coupling 40b ofthe collet 40 may engage the 
external groove 42e ofthe shding sleeve 42 and thereby displace the sUding 
sleeve in the longitudinal direction. Since the coupling 40b ofthe collet 40 is 
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the conet 40 may be disengaged or reengaged ^th the sUding sleeve 
42. An aimular valve member 44 defiiimg an internal passage 44a, having a 

first throat 44aa and a second throat 44ab. includes a flange 44b at one end, 
having external splines 44c for engaging the internal splines 14f of the second 
5 tubtdar support member 14, a first set of radial passages, 44da and 44db, a 
second set of radial passages, 44ea and 44eb, and a threaded portion 44f at 
anotherend. The sliding sleeve 42 and the valve member 44 define an ammlar 
bypass passage 46 that, dependingupon the position of the sUding sleeve 42. 
permits fltddic materials to flow from the passage 44 through the first radial 
10 passages. 44da and 44db. the bypass passage 46, and the second radial passages, 
44ea and 44eb, back into the passage 44. In this manner, fluidic materials may 
bypass the portion of the passage 44 between the first and second radial 
passages, 44ea. 44eb, 44da, and 44db. Furthermore, the sUding sleeve 42 and 
the valve member 44 together define a sHding sleeve valve for controUably 
15 permittingfkddicmaterialstobypasstheintermediateportionofthepassage 

44a between the first and second passages, 44da, 44db, 44ea, and 44eb. During 
operation, the flange 44b limits movement of the sUding sleeve 42 in the 

longitudinal direction. 

In a preferred embodiment, the collet 40 includes a set of couplings 40b 

20 such as, for example, fingers, that engage the external groove 42e of the sliding 
sleeve 42. During operation, the coUet couplings 40b latch over and onto the 
external groove 42e of the sliding sleeve 42. In a preferred embodiment, a 
longitudmal force of at least about 10,000 to 13,000 Ibf is required to pull the 
couplings 40b off of, and out of engagement with, the external groove 42e of the 

25 sliding sleeve 42. In an exemplary embodiment, the application of a 

longitudinal force less than about 10,000 to 13,000 Ibf indicates that the collet 
couplings 40b are latched onto the external shoulder of the sliding sleeve 42, 
and that the sKding sleeve 42 is in the up or the down position relative to the 
valve member 44. In a preferred embodiment, the collet 40 includes a 

30 conventional internal shoulder that transfers the weight of the first tubular 
support member 12 and ejqpansion cone 18 onto the sliding sleeve 42. In a 
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preferred embodiment, the collet 40 further includes a conventional set of 
internal lugs for engaging the splines 44c of the valve member 44. 

An annular valve seat 48 defining a conical internal passage 48a for 
receiving a conventional float valve element 50 includes an annular recess 48b, 

5 having an internally threaded portion 48c for engaging the threaded portion 44f 
of the valve member 44, at one end, and an externally threaded portion 48d at 
another end. In an alternative embodiment, the float valve element 50 is 
omitted. An a-nnnlflr valve seat mounting element 52 de fining an internal 
passage 52a for receiving the valve seat 48 and float valve 50 includes an 

1 0 internally threaded portion 52b for engaging Gxe externally threaded portion 
48d of the valve seat 48, an externally threaded portion 52c, an internal flange 
52d, radial passages, 52ea and 52eb, and an end member 52f, having axial 
passages, 52fa and 52fb. 

A shoe 54 defining an internal passage 54a for receiving the valve seat 

15 mounting element 52 includes a first annular recess 54b, having an externally 
threaded portion 54c, and a second nTinular recess 54d, having an externally 
threaded portion 54e for engaging the threaded portion 20d of the expansion 
cone launcher 20, at one end, a first threaded counterbore 54f for engaging the 
threaded portion 52c of the of the mounting element, and a second counterbore 

20 54gformatingwiththeendmember52f of the moimting element. In a 
preferred embodiment, the shoe 54 is fabricated firom a ceramic and/or a 
composite material in order to facilitate the subsequent removal of the shoe by 
drilling. A seventh tubular support member 56 defining an internal passage 
56a for receiving the sHding sleeve 42 and the valve member 44 is positioned 

25 within the expansion cone laimcher 20 that includes an internally threaded 
portion 56b at one end for engaging the externally threaded portion 54c of the 
annular recess 54b of the shoe 54. In a preferred embodiment, during operation 
of the assembly, the end of the seventh tubular support member 56 limits the 
longitudinal movement of the expansion cone 18 in the direction of the shoe 54 

30 by limiting the longitudinal movement of the sixth tubular support member 38. 
An annular centralizer 58 defining an internal passage 58a for movably 
supporting the sliding sleeve 42 is positioned within the seventh tubular 
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support member 56 that includes aadal passages 58b and 58c. In a preferred 
embodiment, the centralizer 58 maintains the sliding sleeve 42 and valve 
member 44 is a central position within the assembly 10. 

Referring to Figs. 2a-2b, during operation, the assembly 10 may be used 
5 to form or repair a wellbore casing by implementing a method 200 in which, as 
iUustrated in Figs. 3a-3c, the assembly 10 may initiaUy be positioned within a 
wellbore 100 having a preexisting wellbore casing 102 by coupling a 
conventional tubular member 104 defining an internal passage 104a to the 
threaded portion 12b of the first tubular support member 12 in step 202. In a 
10 preferred embodiment, during placement of the assembly 10 within the 

wellbore 100, fluidic materials 106 within the wellbore 100 below the assembly 
10 are conveyed throu^ the assembly 10 and into the passage 104a by the fluid 
passages 52fa, 52fb, 54a, 48a, 44a, and 14a. In this manner, surge pressures 
that can be created during placement of the assembly 10 withia the wellbore 
15 100 are minimized. In a preferred embodiment, the float valve element 50 is 
pre-set in an auto-fiS configuration to permit the fltddic materials 106 to pass 
through the conical passage 48a of the valve seat 48. 

Referring to Figs. 4a-4c, in step 204, fluidic materials 108 may then be 
injected into and through the tubular member 104 and assembly 10 to thereby 
20 ensure that all of the fluid passages 104a, 14a, 44a, 48a, 54a, 52fa, and 52fl) are 
functioning properly. 

Referring to Figs. 5a-5c, in step 206, a bottom plug 110 may then be 
ipjected into the fluidic materials 108 and into the assembly 10 and then 
portioned in the throat passage 44ab of the valve member 44. In this manner, 
25 the r^onofthe passage 44a upstream fix>m the plug 110 may be fluididy 

isolated fix)m the r^on of the passage 44a downstream from the plug 110. In a 
preferred embodiment, lihe proper placement of the plug 110 may be indicated 
by a corresponding increase in the operating pressure of the fluidic material 
108. 

30 Referring to Figs. 6a-6c, in step 208, the sliding sleeve 42 may then be 

displaced relative to the valve member 44 by displacing the tubtdar member 104 
by applying, for example, a downward force of approximate^ 5,000 Ibf on the 
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assembly 10. In this manner, the tubular member 104, the first tubular 
support member 12, the second tubular support member 14, the third tubular 
support member 16, the expansion cone 18, the annular spacer 22, the fourth 
tubular support member 24, the fifth tubular support member 26, the sixth 
5 tubular support member 38, the collet 40, and the sliding sleeve 42 are 

displaced in the longitudinal direction relative to the expansion cone launcher 
20 and the valve member 44. In this manner, fluidic materials within the 
passage 44a upstream of the plug 110 may bypass the plug by passing through 
the first passages, 44da and 44db, through the annular passage 46, and through 

10 the second passages, 44ea and 44eb, into the region of the passage 44a 

downstream from the plug. Furthermore, in this manner, the rupture disc 36 is 
fluidicly isolated firom the passages 14a and 44a. 

Referring to Figs. 7a-7c, in stqp 210, a hardenable fluidic sealing material 
112 may then be ixijected into the assembly 10 and conveyed through the 

1 5 passages 104a, 14a, 44a, 44da, 44db, 46, 44ea, 44eb, 48a, 54a, 52fa, and 52fb 
into the weUbore 100. In this manner, a hardenable fluidic sealing material 
such as, for example, cement, may be injected into the annular region between 
the expansion cone launcher 20 and the weUbore 100 in order to subsequently 
form an annular body of cement around the radially expanded expansion cone 

20 launcher 20. Furthermore, in this manner, the radial passage 30a and the 
rupture disc 36 are not e^>osed to the hardenable fluidic sealing material 112. 

Referring to Figs. 8a-8c, in step 212, upon the completion of the injection 
of the hardenable fltudic sealing material 112, a nonhardenable fluidic material 
114 may be injected into the assembly 10, and a top plug 116 may then be 

25 injected into the assembly 10 along with the fluidic materials 114 and then 
positioned in the throat passage 44aa of the valve member 44. In this manner, 
the region of the passage 44a upstream firom the first passages, 44da and 44db, 
miay be fluidicly isolated firom the first passages. In a preferred embodiment, 
the proper placement of the plug 116 may be indicated by a corresponding 

30 increase in the operating pressure of the fluidic material 114. 

Referring to Fig. 9a-9c, in step 214, the sliding sleeve 42 may th^ be 
displaced relative to the valve member 44 by displacing the tubular member 104 
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by applying, for example, an upward force of approximately 13,000 Ibf on the 
assembfy 10. In this manner, the tubular member 104, the first tubular 
support member 12, the second tubular support member 14, the third tubular 
support member 16, the expansion cone 18, the annular spacer 22, the fourth 
5 tubnlar support member 24, the fifUi tubular support member 26, the sixth 

tubular support member 38, the collet 40, and the eOiding sleeve 42 are 
displaced in the longitudinal direction relative to the expansion cone launcher 
20 and the valve member 44. In this manner, fluidic materials within the 
passage 44a upstream of the phig 110 may no longer bypass the plug by passing 
10 through the first passages, 44da and 44db, through the annular passage 46, and 
through the second passages, 44ea and 44eb, into the region of the passage 44a 
downstream fi-om the plug. Furthermore, in this manner, the rupture disc 36 is 
no longer fluidicly isolated firom the fluid passages 14a and 44a 

Referring to Figs. lOa-lOc, in step 216, the fluidic material 114 may be 
1 5 iiqected into the assembly 10. The continued injection of the fluidic material 
114 may increase the operating pressure within the passages 14a and 44a until 
the burst disc 36 is opened thereby permitting the pressurized fluidic material 
114 to pass through the radial passage 30a and into an ariTiular region 118 
defined by the second tubular support member 14, the third tubular support 
20 member 16, the sixth tubular support member 88, the collet 40, the sliding 
Bleeve42, the shoe 54, and the seventh tubular support member 56. The 
pressurized fluidic material 114 within the annular region 118 directly applies a 
longitudinal force upon the fifth tubular support member 26 and the sixth 
tubular support member 38. The longitudinal force in turn is applied to the 
25 expansion cone 18. In this manner, the expansion cone 18 is displaced relative 
to the expansion cone launcher 20 thereby radially expanding and plastically 
deforming the expansion cone launcher. 

In an alternative embodiment of the method 200, the iqjection and 
placement of the top plug 116 into the liner hanger assembly 10 in step 212 
30 may onntted. 

In an alternative embodiment of the method 200, in step 202, the 
assembly 10 is positioned at the bottom of the wellbore 100. 
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In an alternative embodiment, as illustrated in Figs, lla-llb, during 

operation, the assembly 10 may be used to form or repair a wellbore casing by 

implementing a method 250 in which, as illustrated in Figs. 3a-3c, the assembly 

10 may initially be positioned within a wellbore 100 having a preexisting 

5 wellbore casing 102 by coupling a conventional tubular member 104 defining an 
internal passage 104a to the threaded portion 12b of the first tubular support 
member 12 in step 252. In a preferred embodiment, during placement of the 
assembly 10 within the wellbore 100, fluidic materials 106 within the wellbore 
100 below the assembly 10 are conveyed through the assembly 10 and into the 

10 passage 104a by the fluid passages 52fa, 52fb, 54a, 48a, 44a, and 14a In this 
manner, surge pressures that can be created during placement of the assembly 
10 within the wellbore 100 are minimized. In a preferred embodiment, the float 
valve element 50 is pre-set in an auto-fill configuration to permit the fluidic 
materials 106 to pass through the conical passage 48a of the valve seat 48. 

15 Referring to Figs. 4a-4c, in step 254, fluidic materials 108 may then be 

injected into and through the tubular member 104 and assembly 10 to thereby 
ensure that all of the fluid passages 104a, 14a, 44a, 48a, 54a, 52fa, and 52ft> are 
fimctioning properly. 

Referring to Figs. 5a-5c, in step 256, the bottom plug 110 may then be 

20 injected into the fluidic materials 108 and into the assembly 10 and then 

positioned in the throat passage 44ab of the valve member 44. In this manner, 
the region of the passage 44a upstream firom the plug 110 may be fluidicly 
isolated fi:om the region of the passage 44a downstream from the plug 110. In a 
preferred embodiment, the proper placement of the plug 110 may be indicated 

25 by a corresponding increase in the operating pressure of the fluidic material 
108. 

Referring to Figs. 12a- 12c, in step 258, a fluidic material 114 may then be 
]]]gected into the assembly to thereby increase the operating pressure within the 
passages 14a and 44a until the burst disc 36 is opened thereby permitting the 
30 pressurized fluidic material 114 to pass through the radial passage 30a and into 
an flTinnlftr regiou 118 defined by the second tubular support member 14, the 
third tubular support member 16, the sixth tubular support member 38, the 
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the sliding deeve 42, the shoe 54, and the seventJi tubular support 
member 56. The pressurized fluidic material 114 within the annular region 118 
directly applies a longitudinal force upon the fifth tubular support member 26 
and the sixth tubular support member 38. The longitudinal force in turn is 

5 appKed to the expansion cone 18. Inthismanner, the expansion cone 18 is 
displaced relative to the expansion cone launcher 20 therein disengaging the 
coUet 40 and the sUding sleeve 42 and radiaHy expanding and plasticaUy 
deforming the expansion cone launcher. In a preferred embodiment, the radial 
expansion process in step 408 is continued to a location below the overlap 

10 between the e3q)ansion cone launcher 20 and the preexisting wellbore casing 

102. 

Referring to Figs. 13a-13c, in step 260, the sUding sleeve 42 m^ then be 
displaced relative to the valve member 44 by (D displacing the expansion cone 
18 in a downward direction using the tubular member 104 and (2) apptying, 

15 using the tubular member 104 a downward force of, for example, approximately 
5,000 Ibf on the assembly 10. In this manner, the coupling 40b of the coHet 40 
rlengages the external groove 42e of the sUding sleeve 42. Furthermore, in this 
manner, the tubular member 104, the first tubular support member 12, the 
second tubular support member 14, the third tubular support member 16, the 

20 expansion cone 18. the annular spacer 22, the fourth tubular support member 

24, the fifth tubular support member 26, the sixth tubular support member 38, 
the collet 40, and the sUding sleeve 42 are displaced in the longitudinal 
direction relative to the expansion cone launcher 20 and the valve member 44. 
In this manner, fluidic materials within the passage 44a upstream of the plug 
25 110 may bypass the phigby passing through the first passages, 44da and 44db, 
through the annular passage 46, and through the second passages, 44ea and 
44eb, into the region of the passage 44a downstream firom the plug. 
Furthermore, in this manner, the fluid passage 30a is fluidicly isolated firom the 

passages 14a and 44a. 
30 Referring to Figs. I4a-14c, in step 262, the hardenable fluidic seaUng 

material 112 may then be injected mto the assembly 10 and convqred through 
the passages 104a, 14a, 44a, 44da, 44db, 46, 44ea, 44eb, 48a. 54a. 52fa, and 52fb 
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into the wellbore 100. In this manner, a hardenable fhiidic sealing material 
such as, for example, cement, may be injected into the annular region between 
the expansion cone launcher 20 and the wellbore 100 in order to subsequently 
form an annular body of cement around the radially expanded expansion cone 
S launcher 20. Furthermore, in this manner, the radial passage 30a and the 
rupture disc 36 are not ea^osed to the hardenable fluidic sealing material 112. 

Beferxing to Figs. 15a-15c, in step 264, upon the completion of the 
injection of the hardenable fluidic sealing material 112, the nonhardenable 
fluidic material 114 may be injected into the assembly 10, and the top plug 116 

10 may then be injected into the assembly 10 along with the fluidic materials 114 
and then positioned ra the throat passage 44aa of the valve member 44. In this 
manner, the region of the passage 44a upstream from the first passages, 44da 
and 44db, may be fluididy isolated from the first passages. In a preferred 
embodiment, the proper placement of the plug 116 may be indicated by a 

1 5 corresponding increase in the operating pressure of the fluidic material 114. 

Eeferring to Figs. 16a-16c, in step 266, the sliding sleeve 42 may then be 
displaced relative to the valve member 44 by displacing the tubular member 104 
by applying, for example, an upward force of approximately 13,000 Ibf on the 
assembly 10. In this manner, the tubular member 104, the first tubular 

20 support member 12, the second tubular support member 14, the third tubular 
support member 16, the expansion cone 18, the flnmilar spacer 22, the foiurth 
tubular support member 24, the fifth tubular support member 26, the sixth 
tubular support member 38, the collet 40, and the fllidTPg sleeve 42 are 
displaced in the longitudinal direction relative to the expansion cone launcher 

25 20 and the valve member 44. In this manner, flxiidic materials within the 

passage 44a upstream of the plug 110 may no longer bypass the plug by passing 
through the first passages, 44da and 44db, through the annular passage 46, and 
through the second passages, 44ea and 44eb, into the region of the passage 44a 
downstream firom the plug. Furthermore, in this manner, the passage 30a is no 

30 longer fluididy isolated firom the fluid passages 14a and 44a. 

Referring to Figs. 17a-17c, in step 268, the fluidic material 114 may be 
injected into the assembly 10. The continued injection of the fluidic material 
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114 may increase the operating pressure within the passages 14a, dOa, ana 44a 
and the finTmlflr region 118. The pressurized fluidic material 114 within the 
annular region 1 18 directly applies a longitudinal force upon the fifth tubular 
support member 26 and the sixth tubular support member 38. The longitudinal 
5 force in turn is fi5)plied to the expansion cone 18. In this manner, the expansion 
cone 18 is displaced relative to the expansion cone launcher 20 thereby 
completing the radial expansion of the expansion cone launcher. 

In an alternative embodiment of the method 250, the injection and 
placement of the top plug 116 into the liner hanger assembly 10 in step 264 
10 may omitted. 

In an alternative embodiment of the method 250, in step 252, the 
assembly 10 is positioned at the bottom of the wellbore 100. 

In an alternative embodiment of the method 250: (1) in step 252, the 
assembly 10 is positioned proximate a position below a preexisting section of 
15 the wellbore casing 102, and (2) ra step 258, the expansion cone laimcher 20, 
and any expandable tubulars coupled to the threaded portion 20c of the 
expansion cone laimcher, are radially expanded and plastically deformed until 
the shoe 54 of the assembly 10 is proximate the bottom of the wellbore 100. In 
this manner, the radial expansion process using the assembly 10 provides a 
20 telescoping of the radially expanded tubulars into f^e wellbore 100. 

In several alternative embodiments, the assembly 10 may be operated to 
form a wellbore casing by including or excluding the float valve 50. 

In several alternative embodiments, the float valve 50 may be operated in 
an auto-fill configuration in which tabs are positioned between the float valve 
25 50 and the valve seat 48. In this manner, fluidic materials within the wellbore 
100 may flow into the assCTobly 10 firom below thereby decreasing surge 
pressures during placement of the assembty 10 vnthin the wellbore 100. 
Furthmnore, pumping fluidic materials through the assembly 10 at rate of 
about 6 to 8 bbl/min wiU displace the tabs from the valve seat 48 and thereby 
30 allow the float valve 50 to close. 
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In several alternative embodiments^ prior to the placement of any of the 
plugs, 110 and 116, into the assembly 10, flxiidic materials can be circulated 
through the assembly 10 and into the wellbore 100. 

In several alternative embodiments, once the bottom plug 110 has been 
S positioned into the assembfy 10, fhudic materials can only be circulated through 
the assembly 10 and into the wellbore 100 if the sliding sleeve 42 is in the down 
position. 

In several alternative embodiments, once the sliding sleeve 42 is 
positioned in the down position, the passage 30a and rupture disc 36 are 
10 fluidicly isolated from pressurized fluids within the assembly 10. 

In several alternative embodiments, once the top plug 116 has been 
positioned into the assembly 10, no fluidic materials can be circulated through 
the assembly 10 and into the wellbore 100. 

In several alternative embodiments, the assembly 10 may be operated to 
15 form or repair a wellbore casing, a pipeline, or a structural support. 

Referring to Figs. 18, 18a, 18b, and 18c, an alternative embodiment of a 
liner hanger assembly 300 includes a first tubular support member 312 defibodng 
an internal passage 312a that includes a threaded counterbore 312b at one end, 
and a threaded coxmterbore 312c at another end. A second tubular support 
20 member 3 14 defining an internal passage 314a includes a first threaded portion 
314b at a first end that is coupled to the threaded countwbore 312c of the first 
tubular support member 312, a stepped flange 314c, a counterbore 314d, a 
threaded portion 314e) and internal splines 314f at another end. The stepped 
flange 314c of the second tubular support member 314 further defines radial 
25 passages 314g, 314h, 314i, and 314j. 

A third tubular support member 316 defining an internal passage 316a 
for receiving the second tubular support member 314 includes a first flange 
316b, a second flange 316c, a first counterbore 316d, a second counterbore 316e 
having an internally threaded portion 316f, and an internal flange 316g. The 
30 second flange 316c finrther includes radial passages 316h and 316i. 

An anntilar expansion cone 318 defining an internal passage 318a for 
receiving the second and third tubular support members, 314 and 316, includes 
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a comiterbore 318b at one end, and a counterbore 318c at another end for 
receiving the flange 316b of the second tubular support member 316. The 
annular expansion cone 318 fiirther includes an end fiace 318d that mates with 
an end face 316j of the flange 316c of the second tubular support member 316, 
5 and an exterior surface 318e having a conical shape in order to facilitate the 
radial expansion of tubular members. A tubular ei5)ansion cone launcher 320 is 
movably coupled to the exterior surface 318e of the expansion cone 318 and 
includes a first portion 320a having a first wall thickness, a second portion 320b 
having a second wall thickness, a threaded portion 320c at one end, and a 
10 threaded portion 320d at another end. In a preferred embodiment, the second 
portion 320b of the expansion cone launcher 320 mates veith the conical outer 
surface 318e of the expansion cone 318. In a preferred embodiment, the second 
wall thickness of the second portion 320b is less than the first wall thickness of 
the first portion 320a in order to optimize the radial expansion of the expansion 
15 cone launcher 320 by the relative axial displacement of the e^ansion cone 318. 
In a preferred embodiment, one or more expandable tubixlars are coupled to 
the threaded connection 320c of the expansion cone laxmcher 320. In this 
manner, the assembly 300 may be used to radially expand and plastically 
deform, for exainple, thoxisands of feet of expandable tubulars. 
20 An flTimilflr spacer 322 defining an internal passage 322a for receiving 

the second tubular support member 314 is received within the counterbore 
318b of the expansion cone 318, and is positioned between an end face 312d of 
the first tubular support member 312 and an end face of the counterbore 318b 
of the expansion cone 318. A fourth tubular support member 324 defining an 
25 internal passage 324a for receiving the second tubular support member 314 
includes a flange 324b that is received vnthin the counterbore 316d of the third 
tubular support member 316. A fifth tubular support member 326 defining an 
internal passage 326a for receiving the second tubular support member 314 
includes an internal flange 326b for mating with the flange 314c of the second 
30 tubular support member and a flange 326c for mating with the internal flange 
316g of the third tubular support member 316, 
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An flTiTwIflr sealing member 328, an annular sealing and support member 
330, an flnTnilnr sealing member 332, and an amiular sealing and support 
member 334 are received within the countCTbore 314d of the second tubular 
support member 314. The annnlar sealing and support member 330 further 
5 includes a radial opening 330a for supporting a rupture disc 336 within the 
radial opening 314g of the second tubular support member 314 and a sealing 
member 330b for sealing the radial opening 314h of the second tubular support 
member. The flTiTmlnr sealing and support member 334 further includes sealing 
members 334a and 334b for sealing the radial openings 314i and 314j, 

10 respectively, of the second tubular support member 314. In an exemplary 
embodiment, the rupture disc 336 opens when the operating pressure within 
the radial opening 330b is about 1000 to 5000 psi. In this manner, the rupture 
disc 336 provides a pressure sensitive valve for controlling the flow of fluidic 
materials through the radial opening 330a. In several alternative embodiments, 

1 5 the assembly 300 includes a plurality of radial passages 330a, each with 
corresponding rupture discs 336. 

A sixth tubular support member 338 defining an internal passage 338a 
for receiving the second tubular support member 314 includes a threaded 
portion 338b at one end that is coupled to the threaded portion 316f of the third 

20 tubular support member 316 and a flange 338c at another end that is movably 
coupled to the interior of the expansion cone launcher 320. An annular collet 
340 includes a threaded portion 340a that is coupled to the threaded portion 
314e of the second tubular support member 314, and a resilient coupling 340b 
at another end. 

25 An annular sliding sleeve 342 defining an internal passage 342a includes 

an internal flange 342b, having sealing members 342c and 342d, and an 
external groove 342e for releasably engaging the coupling 340b of the collet 340 
at one end, and an internal flange 342f, having sealing members 342g and 342h, 
at another end. Diiring operation, the coupling 340b of the collet 340 may 

30 engage the external groove 342e of the sliding sleeve 342 and thereby displace 
the sliding sleeve in the longitudinal direction. Since the coupling 340b of the 
collet 340 is resilient, the collet 340 may be disengaged or reengaged with the 
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sliding sleeve 342. An gnnnlflr valve member 344 defining an internal passage 
344a, having a throat 344aa, includes a flange 344b at one end, having external 
splines 344c for engaging the internal splines 314f of the second tubxilar 
support member 314, an interior flange 344d having a first set of radial 
5 passages, 344da and 344db, and a counterbore 344e, a second set of radial 
passages, 344fa and 344fb, and a threaded portion 344g at another end. 

An annular valve member 346 defining an internal passage 346a, having 
a throat 346aa, includes an end portion 346b that is received in the counterbore 
344e of the aTirmlar valve member 344, a set of radial openings, 346ca and 
10 346cb, and a flange 346d at another end. An annular valve member 348 

«^ftfiniTlg an internal passage 348a for receiving the annular valve members 344 
and 346 includes a flange 348b having a threaded counterbore 348c at one end 
for ftngflgiTtg the threaded portion 344g of the annular valve member, a 
counterbore 348d for mating with the flange 346d of the annular valve member, 
15 and a threaded annular recess 348e at another end. 

The flTinnlflr valve members 344, 346, and 348 define an anm i l a r passage 
350 that fluidicly couples the radial passages 344fa, 344fb, 346ca, and 346cb. 
Furthermore, depending upon the position of the sliding sleeve 342, the fluid 
passages, 344da and 844db, may be fluidicly coupled to the passages 344£a, 
20 344fb, 346ca, 346cb, and 350. In this manner, fluidic materials may bypass the 
portion of the passage 346a between the passages 344da, d44db, 346ca, and 
346cb. Furthermore, the sliding sleeve 342 and the valve members 344, 
346, and 348 together define a sliding sleeve valve for controUably permitting 
fluidic materials to bypass the intermediate portion of the passage 346a 
25 between the passages, 344da, 344db, 346ca, and 346cb. During operation of the 
hiding sleeve valve, the flange 348b limits movement ofUbe sliding sleeve 342 
in the longitudinal direction. 

In a preferred embodiment, the coUet 340 includes a set of couplings 
340b that engage the external groove S42e of the sliding sleeve 342. During 
30 operation, the collet couplings 340b latch over and onto the eternal groove 
342e of the sliding sleeve 342. In a preferred embodiment, a longitudinal force 
of at least about 10,000 to 13,000 Ibf is required to pull the couplings 340b off 
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and out of engagement with, the external groove 342e of the sKding sleeve 

342. In an exemplary embodiment, the application of a longitudinal force less 

than about 10,000 to 13,000 Ibf indicates that the collet couplings 340b are 

latched onto the external shoulder of the sliding sleeve 342, and that the shding 

5 sleeve 342 is in the up or the dovm position relative to the valve member 344. 
In a preferred embodiment, the collet 340 includes a conventional internal 
shoulder that transfers the weight of the first tubular support member 312 and 
expansion cone 318 onto the sliding sleeve 342. In a preferred embodiment, the 
collet 340 ftirther includes a conventional set of internal lugs for engaging the 

10 splines 344c of the valve member 344. 

An fTimilar valve seat 352 defining a conical internal passage 352a for 
receiving a conventional float valve element 354 includes a threaded annular 
recess 352b for exigaging tiie threaded portion 348e of the valve member 348, at 
one end, and an externally threaded portion 352c at another end. In an 

15 altOTnative embodiment, the float valve element 354 is omitted. An annular 
valve seat mounting element 356 defining an internal passage 366a for 
receiving the valve seat 352 and float valve 354 indxides an internally threaded 
portion 356b for engaging tiie externally tiureaded portion 352c of the valve seat 
352, an externally threaded portion 356c, an internal flange 356d, radial 

20 passages, 356ea and 356eb, and an end member 356f, having axial passages, 
356faand356fb. 

A shoe 358 defining an internal passage 358a for receiving the valve seat 
mounting element 356 includes a first threaded annular recess 358b, and a 
second threaded annular recess 858c for engaging the threaded portion 320d of 

25 the e^qiansion cone launcher 320, at one end, a first threaded counterbore 358d 
for engaging Hie threaded portion 356c of the of the valve seat moimting 
element, and a second counterbore 358e for mating with the end member 356f 
of the mounting element. In a preferred embodiment, the shoe 358 is 
fabricated firom a ceramic and/or a composite material in order to facilitate the 

30 subsequent removal of the shoe by drilling. 

A seventh tubular support member 360 defining an internal passage 
360a for receiving the hiding deeve 342 and the valve members 344, 346, and 
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348 is positioned mthin the e^^ansioii cone tocher 320 that includes an 
internally threaded portion 360b at one end for engaging the extemaUy 
threaded portion ofthe annular recess 358b ofthe shoe 358. Inapreferred 

embodiment, during operation ofthe assembly, the end of tiie seventii tubular 
5 support member 360 limits the longitudinal movement of the ejcpansion cone 

318 in the direction ofthe shoe 358 by limiting the longitudinal movement of 
the sixth tubular support member 338. An annular centi-alizer 362 defining an 
internal passage 362 for supporting tiie valve member 348 is positioned witiiin 
tiie seventii tubular support member 360 tiiat includes axial passages 362b and 
10 362c. 

Referring to Figs. 19a-19b, during operation, the assembly 300 may be 
used to form or repair a wellbore casing by implementing a method 400 in 
which, as illustrated in Figs. 20a-20c, tiie assembly 300 m^ initialfy be 
positioned within a wellbore 1000 having a preexisting vTellbore casing 1002 by 

15 coupling a conventional tiibular member 1004 defining an internal passage 
1004a to the threaded portion 312b ofthe first tubular support member 312 in 
step 402. In a preferred embodiment, during placement ofthe assembly 300 
witiiin tiie wellbore 1000, fluidic materials 1006 within the v^eUbore 1000 below 
the assembly 300 are conveyed tiirou^ the assembty 300 and into tiie passage 

20 1004a by tiie fluid passages 356fa, 356fb, 352a, 348a, 346a, 344a, and 314a. In 
this manner, surge pressures that can be created during placement ofthe 
assembly 300 vnthin the wellbore 1000 are minimized. In a preferred 
embodunent, the float valve element 354 is pre-set in an auto-fiU configuration 
to permit the fluidic materials 1006 to pass through the conical passage 352a of 

25 the valve seat 352. 

Keferring to Figs. 21a-21c, in step 404, fluidic materials 1008 may then 
be injected into and through the tubular member 1004 and assembly 300 to 
thereby ensure that all ofthe fluid passages 1004a, 314a, 344a, 346a, 348a, 
352a, 356fa, and 356fb are functioning properly. 

30 Referring to Figs. 22a-22c, in step 406, a bottom plug 10 10 may then be 

iiqected into the fluidic materials 1008 and into the assembly 300 and then 
positioned in the throat passage 346aa ofthe vahre member 346. In this 
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manner, the region of the passage 346a upstream from the plug 1010 may be 
fluidicly isolated from the region of the passage 346a downstream from the plug 
1010. In a preferred embodiment, the proper placement of the plug 1010 may 
be indicated by a corresponding increase in the operating pressure of the fluidic 
5 material 1008. 

Referring to Figs. 23a-23c, in step 408, the sliding sleeve 342 may then be 
displaced relative to the valve member 344 by displacing the tubular member 
1004 by applying, for example, a downward force of approximately 5,000 Ibf on 
the assembly 300. In this manner, the tubular member 1004, the first tubular 

10 support mentiber 312, the second tubular support member 314, the third 

tubular support member 316, the espaosion cone 318, the auTiular spacer 322, 
the fourth tubular support member 324, the G&ti tubular support member 326, 
the sixth tubular support member 338, the collet 340, and the shding sleeve 342 
are displaced in the longitudinal direcidon relative to the expansion cone 

IS launcher 320 and the valve member 344. In this manner, fhiidic materials 
within the passage 344a upstream of the plug 1010 nmy bypass the plug by 
passing through the first passages, 344da and 344db, tlurough the annular 
passage 342a, through the second passages, 344fa and 344fb, thro\igh the 
annular passage 360, through the passages, 346ca and 346cb, into the region of 

20 the passage 348a downstream from the plug. Furthermore, in this manner, the 
rupture disc 336 is fluidicly isolated from the passages 314a and 344a. 

Referring to Figs. 24a-24c, in step 410, a hardenable fluidic sealing 
material 1012 may then be injected into the assembly 300 and conveyed 
through the passages 1004a, 314a, 344a, 344da, 344db, 342a, 344fa, 344fb, 350, 

25 346ca, 346cb, 348a, 352a, 356fa, and 356fb into the wellbore 1000. In this 
manner, a hardenable fluidic sealing material such as, for example, cement, 
may be injected into the annular region between the expansion cone laxmcher 
320 and the wellbore 1000 in order to subsequently form an annular body of 
cement around the radially expanded eacpansion cone launcher 320. 

30 Furthermore^ in this manner, the radial passage 330a and the rupture disc 336 
are not exposed to the hardenable fluidic sealing material 1012. 
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Referring to Figs. 25a-25c in step 412, upon the completion of the 
ii^jection of the hardenable fluidic sealing material 1012, a nonhardenable 
fluidic material 1014 may be injected into the assembty 300, and a top pliig 
1016 may then be injected into the assembly 300 along with the fluidic 
5 materials 1014 and then positioned in the throat passage 344aa of the valve 
member 344. In this manner, the region of the passage 344a upstream from the 
top phig 1016 may be fluididy isolated from region downstream from the top 
phig. In a preferred embodiment, the proper placement of the plug 1016 may 
be indicated by a corresponding increase in the operating pressure of the fluidic 

10 material 1014. 

Referring to Fig. 26a-26c, in step 414, the sliding sleeve 42 may then be 
displaced relative to the valve member 344 by displacing the tubular member 
1004 by applying, for example, an upward force of approximately 13,000 Ibf on 
the assembfy 300. In this manner, the tubular member 1004, the first tubular 
15 support member 312, the second tubular support member 314, the third 

tubular support member 316, the expansion cone 318, the annular spacer 322, 
the fourth tubular siqjport member 324, the fifth tubular support member 326, 
the sixth tubular support member 338, the collet 340, and the sliding sleeve 342 
are displaced in the longitudinal direction relative to the expansion cone 
20 launcher 320 and the valve member 344. In this manner, fluidic materials 
within the passage 344a upstream of the bottom plug 1010 may no longer 
bypass the bottom pltig by passing through the first passages, 344da and 344db, 
throiigh the fTinnlar passage 342a, through the second passages, 344fa and 
344fl>, through the annular passage 350, and through the passages, 346ca and 
25 346cb, into region of the passage 348a downstream firom the bottom plug. 

Furthermore, in this manner, the rupture disc 336 is no longer fluidicly isolated 
from the fluid passages 314a and 344a. 

Referring to Figs. 27a-27c, in step 416, the fluidic material 1014 may be 
injected into the assembly 300. The continued injection of the fluidic material 
30 1014 may increase the operating pressure within the passages 314a and 344a 
until the burst disc 336 is opened thereby permitting the pressurized fluidic 
material 1014 to pass through the radial passage 330a and into an annular 
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region 1018 defined by the second tubular support member 314, the third 
tubxilar support member 316, the sixth tubular support member 338, the collet 
340, the sliding sleeve 342, the valve members, 344 and 348, the shoe 358, and 
the seventh tubular support member 360, The pressurized fluidic material 
5 1014 within the pTinnlAr region 1018 directly applies a longitudinal force upon 
the fifth tubular support member 326 and the sixth tubular support member 
338. The longitudiiial force in turn is applied to the expansion cone 318. In 
this manner, the expansion cone 318 is displaced relative to the expansion cone 
launcher 320 thereby radia% expanding and plastically deforming the 
10 expansion cone launcher. 

In an alternative embodiment of the method 400, the injection and 
placement of the top plug 1016 into the liner hanger assembly 300 in step 412 
may omitted. 

In an alternative embodiment of the method 400, in step 402, the 

1 5 assembly 300 is positioned at the bottom of the wellbore 1000. 

In an alternative embodiment, as illustrated in Figs. 28a-28b, during 
operation, the assembly 300 may be used to form or repair a wellbore casing by 
implementing a method 450 in which, as illustrated in Figs. 20a-20c, the 
assembly 300 may initially be positioned within a wellbore 1000 having a 

20 preexisting wellbore casing 1002 by coupling a conventional tubxilar member 
1004 defining an internal passage 1004a to the threaded portion 312b of the 
first tubular support member 312 in step 452. In a preferred embodiment, 
during placement of the assembfy 300 within the wellbore 1000, fiuidic 
materials 1006 within the wellbore 1000 below the assembly 300 are conveyed 

23 throu^ the assembly 300 and into the passage 1004a by the fluid passages 

356fa, 356fb, 352a, 348a, 346a, 344a, and 314a. In this manner, sui^e pressures 
that can be created during placement of the assembly 300 within the wellbore 
1000 are minimized. In a preferred embodiment, the float valve element 354 is 
pre-set in an auto-fill configuration to permit the fluidic materials 1006 to pass 

30 through the conical passage 352a of the valve seat 352. 

Referring to Figs. 21a-21c, in step 454, in step 454, fluidic materials 1008 
may then be iiijected into and through the tubular member 1004 and assembly 
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^S)Otottereby ensure that aU of the fluid passages 1004a. 314a, 344a, 346a, 
348a, 352a, 356fia, and 356fb are functioning properly. 

Eeferring to Figs. 22a-22c, in step 456, the bottom plug 1010 may then 
be injected into the fhiidic materials 1008 and into the assembly 300 and then 
5 positioned in the throat passage 346aa of the valve member 346. In this 
manner, the region of the passage 346a upstream from the phig 1010 may be 
fluidicly isolated from the region of the passage 346a do-vmstream from the phig 
1010. In a preferred embodiment, the proper placement of the plug 1010 may 
be mdicated by a corresponding increaae in the operating pressure of the fluidic 

10 materia] 1008. 

Referring to Pigs. 29a-29c, in step 458, the fluidic material 1014 may 
then be iigected into the assembly 300 to thereby increase the operating 
pressure \nthin the passages 314a and 344a until the burst disc 336 is opened 
thereby permitting the pressurized fluidic material 1014 to pass through the 

15 radial passage 330a and into an aTinnlar region 1018 defined by the defined by 
the second tubular support member 314, the third tubular support member 
316, the sixth tubular support member 338, the collet 340, the sliding sleeve 
342, the valve members, 344 and 348, the shoe 358, and the seventh tubular 
support member 360. The pressurized fluidic material 1014 within the annular 

20 region 1018 du»ctly applies a longitudinal force upon the fiflii tubular support 
member 326 and the sixth tubular support member 338. The longitudinal force 
in turn is applied to the expansion cone 318. In this manner, the expansion 
cone 318 is displaced relative to the ejqjansion cone launcher 320 thereby 
disengaging the collet 340 and the sliding sleeve 342 and radially expanding and 

25 plastically deforming the expansion cone laimcher. In a preferred embodiment, 
the radial expansion process in step 458 is continued to a location below the 
overlap between the ^pension cone launcher 320 and the preexisting wellbore 
casing 1002. 

Referring to Figs. 30a-30c, in step 460, the sliding sleeve 342 may then be 
30 displaced relative to the valve member 344 by (1) displacing the expansion cone 
318 in a downward direction using the tubiolar member 1004 and (2) applying, 
using the tubular member 1004 a downward force of, for example, 
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approximately 5,000 Ibf on the assembly 300. In this manner, the couphng 
340b of the collet 340 reengages the external groove 342e of the sliding sleeve 
342. Furthermore, in this maimer, the tubular member 1004, the first tubular 
support member 312, the second tubular support member 314, the third 

5 tubular support member 316, the e^ansion cone 318, the a nm i l a r spacer 322, 
ttie fourth tubular support member 324, the fifth tubular support member 326, 
the sixth tubular support member 338, the collet 340, and the sliding sleeve 342 
are displaced in the longitudinal direction relative to the expan^on cone 
launcher 320 and the valve membOT 344. In this manner, fluidic materials 

10 within the passage 344a upstream of the bottom plug 1010 may bypass the plug 
by passing through the passages, 344da and 344db, the annular passage 342a, 
the passages, 344fa and 344£b, the aTimilar passage 350, and the passages, 
346ca and 346cb, into the passage 348a downstream from the plug. 
Furthermore, in this manner, the fluid passage 330a is fluidicly isolated fi-om 

15 the passages 314a and 344a. 

Referring to Figs. 31a-31c, in step 462, the hardenable fluidic sealing 
material 1012 may then be injected into the assembly 300 and conveyed 
through the passages 1004a, 314a, 344a, 344da, 344db, 342, 344fa, 344fb, 350, 
346ca, 346cb, 348a, 352b, 356fa, and 356fb into the wellbore lOOO. In this 

20 manner, a hardenable fluidic sealing material such as, for example, cement, 
may be injected into the f^rni iilar region between the expansion cone laimcher 
320 and the wellbore 1000 in order to subsequently form an annular body of 
cement around the radially expanded expansion cone launcher 320. 
Furthermore, in this manner, the radial i>assage 330a and the rupture disc 336 

25 are not exposed to the hardenable fluidic sealing material 1012. 

Referring to Figs. 32a-32c, in step 464, upon the completion of the 
injection of the hardenable fluidic sealing material 1012, the nonhardenable 
fltiidic material 1014 may be injected into the assembly 300, and the top plug 
1016 may then be injected into the assembly 300 along with the fluidic 

30 materials 1014 and then positioned in the throat passage 344aa of the valve 
member 344. Inthismaimer, the region of the passage 344a upstream fi:om the 
top plug 1016 may be fluidicly isolated fi-om the region within the passage 
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downstream from the top plug. In a preferred embodiment, the proper 

placement of the phag 1016 may be indicated by a corresponding increase in the 
operating pressure of the flxiidic material 1014. 

Referring to Figs. 33a-33c, in step 466, the sliding sleeve 342 may then be 
5 displaced relative to the valve member 344 by displacing the tubiilar member 

1004 by applying, for example, an upward force of approximately 13.000 Ibf on 
the assembly 300. In this manner, the tubular member 1004, the first tubular 
support member 312, the second tubular support member 314, the third 
tubular support member 316, the expansion cone 318, the annular spacer 322, 
10 the fourth tubular support member 324, the fifth tubular support member 326, 
the sixth tubular support member 338, the coUet 340, and the sliding sleeve 342 
are displaced in the longitudinal direction relative to the expansion cone 
launcher 320 and the valve member 344. In this manner, fluidic materials 
within the passage 344a upstream of the bottom plug 110 may no longer bypass 
15 the plug by passing through the passages, 344da and 344db, the annular 

passage 342a, the passages, 344fa and 344fb, the annular passage 350, and the 
passages, 346ca and 346cb, into the passage 348a downstream from the plug. 
Furthermore, in this manner, the passage 330a is no longer fluididy isolated 
from the fluid jjassages 314a and 344a. 
20 Referring to Figs. 34a-34c, in step 468, the fluidic material 1014 may be 

injected into the assembly 300. The continued injection of the fluidic material 
1014 may increase the operating pressure within the passages 314a, 330a, and 
344a and the annular region 1018. The pressurized fluidic material 1014 
within the annular region 1018 directly applies a longitudinal force upon the 
25 fifth tubular support member 326 and the sixth tubular support member 338. 
The longitudinal force in turn is applied to the expansion cone 318. In this 
manner, the expansion cone 318 is di^laced relative to the expanaon cone 
launcher 320 thereby completing the radial expansion of the expansion cone 
launcher. 

30 In an alternative embodiment of the method 450, the injection and 

placement of the top plug 1016 into the liner hanger assembly 300 in step 464 
may omitted. 
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In an alternative embodiment of the method 450, in step 452^ l^e 
assembtrSOO is positioned at the bottom of the wellbore 1000. 

In an alternative embodiment of the method 450: (1) in step 452, the 
assembty 300 is positioned proximate a position below a preexisting section of 
5 the wellbore casing 1002, and (2) in step 458, the expansion cone launcher 320, 
and any e:q>andable tubulars coupled to ihe threaded portion 320c of the 
expansion cone launcher, are radially expanded and plastically deformed until 
the shoe 358 of the assembly 300 is proximate the bottom of the wellbore 1000. 
In this manner, the radial e:q)anaon process using the assembly 300 provides a 
10 telescoping of the radially expanded tubxilars into the wellbore 1000. 

In several alternative embodiments, the assembly 300 may be operated to 
form a wellbore casing by including or excluding the float valve 354. 

In several alternative embodiments, the float valve 354 may be operated 
in an auto-f!ll configuration in which tabs are positioned between the float valve 
15 354 and the valve seat 352. In this roanner, fiuidic materials vnthin the 

wellbore 1000 may flow into the assembly 300 from below thereby decreasing 
surge pressures during placement of the assembly 300 within the wellbore 
1000. Furthermore, pumping fluidic materials through the assembly 300 at 
rate of about 6 to 8 bbl/min wiU displace the tabs from the valve seat 352 and 
20 thereby allow the float valve 354 to dose. 

In several alternative embodiments, prior to the placement of any of the 
plugs, 1010 and 1016, into the assembly 300, fluidic materials can be circulated 
through the assembly 300 and into the wellbore 1000. 

In several alternative embodiments, once the bottom plug 1010 has been 
25 positioned into the assembly 300, fluidic materials can only be circulated 

through the assembly 300 and into the wellbore 1000 if the sliding sleeve 342 is 
in the down position. 

In several alternative embodiments, once the sUding sleeve 342 is 
positioned in the down position, the passage 330a and rupture disc 336 are 
30 fluididy isolated frum pressurized fluids within the assembly 300. 
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In several alternative embodiments, once the top plug 1016 has been 
positioned into the assembty 300, no fluidic materials can be drculated thro^lgh 
the assembly 300 and into the wellbore 1000. 

In several alternative embodiments, the assembfy 300 may be operated to 
5 form or repair a wellbore casing, a pipeline, or a structural support. 

In a preferred embodiment, the design and operation of the liner hanger 
assembhes 10 and 300 are provided substantiaUy as described and illustrated in 
Appendix A to the present application. 

In a preferred embodiment, the design and operation of the liner hanger 
10 assemblies 10 and 300 are provided substantiaUy as described in one or more of 
the following: CD U.S. patent application serial no. 09/454,139, attorney docket 
no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent appUcation serial no. 
09/510,913, attorney docket no. 25791.7.02, ffled on 2/23/2000, (3) U.S. patent 
appUcation serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 
15 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02, ffled on 11/15/1999, (5) U.S. patent application serial no. 
09/523,460, attorn^ docket no. 25791.11.02, ffled on 3/10/2000, (6) U.S. patent 
appUcation serial no. 09/512,895, attorney docket no. 25791.12.02, ffled on 
2/24/2000, (7) U.S. patent appUcation serial no. 09/511,941, attorney docket no. 
20 25791.16.02, ffled on 2/24/2000, (8) U.S. patent appUcation serial no. 

09/588,946, attorney docket no. 25791.17.02, ffled on 6/7/2000, (9) U.S. patent 
appUcation serial no. 09/559,122, attorney docket no. 25791.23.02, ffled on 

4/26^000, (10) U.S. patent appUcation serial no. , attorn^ docket 

no. 25791.25.02, ffled on 7/9/2000, (11) U.S. provisional patent appUcation serial 
25 no. 60/162,671, attomQr docket no. 25791.27, ffled on 11/1/1999, (12) U.S. 
provisional patent appUcation serial no. 60/154,047, attorn^ docket no. 
25791.29, ffled on 9/16/1999, (13) U.S. provisbnal patent appUcation serial no. 
60/159,082, attorney docket no. 25791.34, ffled on 10/12/1999, (14) U.S. 
provisional patent appUcation serial no. 60/159,039, attorney docket no. 
30 25791.36, ffled on 10/12/1999, (15) U.S. provisional patent appUcation serial no. 
60/159,033, attorney docket no. 25791.37, ffled on 10/12/1999, (16) U.S. 
provisional patent appUcation serial no. , attorney docket no. 
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25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
60/165,228, attorney docket no. 25791.39, ffled on 11/12/1999, (18) U.S. 



25791.45, filed on 7/28/2000, and (19) U.S. provisional patent application serial 



disclosures of vtrhich are incorporated herein by reference. 

A method of forming a wellbore casing within a borehole within a 
subterranean formation has been described that includes positioning an 
expandable tubular member within the borehole, injecting fluidic materials into 

10 the expandable tubular member, fluidicly isolating a first region from a second 
region within the expandable tubular member, fltiidicly coupling the first and 
second regions, injecting a hardenable fimdic sealing material iato the 
expandable tubular member, fluidicly decouphng the first and second regions 
and injecting a non-hardenable fluidic material into the expandable tubular 

IS member to radially aspand the tubular member. In an exemplary embodiment, 
positioning the expandable tubular member within the borehole includes 
positioning an end of the expandable tubular member adjacent to the bottom of 
the borehole. In an exemplary embodiment, the method further iacludes 
fluidicly isolating the second region from a third region within the expandable 

20 tubular member. 

An apparatus for forming a wellbore casing within a borehole within a 
subterranean formation has also been described that includes means for 
positioning an e^andable tubular member within the borehole, means for 
injecting fluidic materials into the expandable tubular member, means for 

25 fluidicly isolating a first region firom a second region within the expandable 
tubular member, means for fluidicly coupling the first and second regions, 
means for injecting a hardenable fluidic sealing material into the expandable 
tubular member, means for fltiidicly decoupling the first and second regions, 
and means for injecting a non-hardenable fluidic material into the expandable 

30 tubiilar meinber to radially expand the tubular member. In an exemplary 

embodiment, the means for positioning the expandable tubidar member within 
the borehole includes means for positioning an end of the expandable tubular 
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member adjacent to the bottom of the borehole. In an exemplaiy embodiment, 
the apparatus further inchides means for fluididy isolating the second region 
from a third region within the e^andable tubnlar member. 

A method of forming a wellbore caang within a borehole within a 

5 subterranean formation has also been described that includes positioning an 
expandable tubular member within the borehole, injecting fluldic materials into 
the expandable tubular member, fluidicly isolating a first region from a second 
region withia the expandable tubular member, injecting a non-hardenable 
fluidic material into the expandable tubular member to radially expand at least 

10 a portion of the tubular member, fluidicly coupling the first and second regions, 
injecting a hardenable fhiidic sealing material into the expandable tubular 
member, fluidicly decoupling the first and second regions, and injecting a non- 
hardenable fluidic material into the expandable tubular member to radially 
expand another portion of the tubxilar member. In an exemplary embodiment, 

1 5 positioning the expandable tubular member within the borehole iucludes 

positioning an end of the expandable tubular member acUacent to the bottom of 
the borehole. In an eromplary embodiment, positioning the expandable tubular 
member within the borehole includes positioning an end of the expandable 
tubular member adjacent to a preexisting section of wellbore casing within the 

20 borehole. In an exemplary embodiment, injecting a non-hardenable fluidic 
material into the expandable tubular meniber to radially eiqpand at least a 
portion of the tubular member includes injecting a non-hardenable fluidic 
material into the expandable tubular member to radially espand at least a 
portion of the tubular member until an end portion of the tubular member is 

25 positioned proximate the bottom of the borehole. In an exemplary embodiment, 
the method further includes fluidicly isolating the second r^on from a third 
region within the expandable tubular member. 

An apparatus for forming a wellbore casing within a borehole within a 
subterranean formation has also been described that includes means for 

30 positioning an expandable tubular member within the borehole, means for 
iajecting fluidic materials into the expandable tubular member, means for 
fluidicly isolating a first region from a second region within the expandable 
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ttibxilar member, means for injeddiig a non-hardenable fluidic material into the 
expandable tubular member to radially expand at least a portion of the tubular 
member, means for fluidicly coupling the first and secxind regions, means for 
injecting a hardenable fluidic sealing material into the e^andable tubular 
5 member, means for fluidicly decoupling the first and second regions, and means 
for injecting a non-hardenable fluidic material into the expandable tubular 
member to radially esqpand another portion of the tubular member. In an 
exemplary embodiment, the means for positioning the expandable tubular 
member within the borehole includes means for positioning an end of the 

10 expandable tubular member adjacent to the bottom of the borehole. In an 
exemplary embodiment, the means for positioning the expandable tubular 
member within the borehole includes means for positioning an end of the 
expandable tubular member adjacent to a preexisting section of wellbore casing 
within the borehole. In an exemplary embodiment, the means for injecting a 

1 S non-hardenable fluidic material into the expandable tubular member to radially 
expand at least a portion of the tubular member includes means for injecting a 
non-hardenable fluidic material into the expandable tubular member to radially 
expand at least a portion of the tubular member until an end portion of the 
tubular member is positioned proximate the bottom of the borehole. In an 

20 exemplary embodiment, the apparatus further includes means for fluidicly 
isolating the second region from a third region within the expandable tubular 
member. 

An apparatus for forming a wellbore casing within a borehole within a 
subterranean formation has also been described that includes a first anmilar 

25 support member defining a first fluid passage and one or more first radial 
passages having pressure sensitive valves fluidicly coupled to the first fluid 
passage, an annular expansion cone coupled to the first annular support 
member, an expandable tubular member movably coupled to the expansion 
cone, a second annular support mesiber defining a second fluid passage coupled 

30 to the expandable tubular member, an ft-n-n^ilar valve member defining a third 
fluid passage fluidicly coupled to the first and second flmd passages having first 
and second throat passages, defining second and third radial passages fliddicly 
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coijpled to the third fluid passage, coupled to the second annnlar support 
member, and movabfy coupled to the first annular support member, and an 
annular sleeve releasably coupled to the first annular support member and 
movably coupled to the ^r^r^^^UT valve member for controUably fluididy coupling 
the second and third radial passages. An annular region is defined by the 
region between the tubular member and the first annular support member, the 
second nnTnilar support member, the annular valve member, and the fl Ti n ul a r 
sleeve. 

An apparatus for forming a wellbore casing in a borehole in a 
subterranean formation has also been described that includes means for 
radially expanding an espandable tubular member, and means for injecting a 
hardenable fluidic sealing material into an annulus between the e^andable 
tubular member and the borehole. In an exemplary embodiment, the means for 
injecting a hardenable fluidic sealing material into an annulus between the 
expandable tubular member and the borehole includes a sliding sleeve valve. 

A method of operating an apparatus for forming a wellbore casing within 
a borehole within a subterranean formation has also been described in which 
the apparatus includes a first fltiTinlflr support member defining a first fluid 
passage and one or more first radial passages having pressure sensitive valves 
fluididy coupled to the first fluid passage, an annular expansion cone coupled to 
the first flnnnlar support member, an espandable tubular member movably 
coupled to the expansion cone, a second annular support member definiag a 
second fluid passage coupled to the expandable tubular member, an annvdar 
valve member defining a third fluid passage fluididy coupled to the first and 
second fluid passages having top and bottom throat passages, defining second 
and third radial passages fluidic^ coupled to the third fluid passage, coupled to 
the second annular support member, and movably coupled to the first a nnul ar 
support member, and an fininilflT sleeve releasably coupled to the first annular 
support member and movably coupled to the annular valve member for 
controUably fluididy coupling the second and third radial passages. An annular 
region is defined by the region between the tubular member and the first 
pnnnlftr support member, the second annular support member, the annular 
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valve member, and the amralar sleeve. The method includes positioning the 
apparatus within the borehole, injecting fluidic materials into the first, second 
and third fluid passages, positioning a bottom plug in the bottom throat 
passage, displacing the i^r^r^^^^f^r sleeve to fluidicly couple the second and third 

5 radial passages, injecting a hardenable fluidic seahng material through the first, 
second, and third fluid passages, and the second and tturd radial passages, 
displacing the «Tnml«r sleeve to fluidicly decouple the second and thh-d radial 
passages, and injecting a non-hardenable fluidic material through the first fluid 
passage and the first radial passages and pressure sensitive valves into the 

10 annular region to radially expand the expandable tubular member. In an 

exemplary embodiment, positioning the apparatus within the borehole includes 
posLtioning an end of the expandable tubular member adjacent to the bottom of 
the borehole. In an exemplaiy embodiment, the method further includes 
positioning a top plug in the top throat passage. 

15 A method of operating an apparatus for forming a wellbore casing within 

a borehole within a subterranean formation has also been described in which 
the apparatus includes a first annular support member defining a first fluid 
passage and one or more first radial passages having pressure sensitive valves 
fluidicly coupled to the first fluid passage, an annular e:q)ansion cone coupled to 

20 the first ftnmilar support member, an expandable tubular member movably^ 
coupled to the expansion cone, a second annular support member defining a 
second fluid passage coupled to the expandable tubular member, an annular 
valve member defining a third fluid passage fluidicly coupled to the first and 
second fluid passages having top and bottom throat passages, defining second 



wo 02/23007 PCT/DSOl/28960 

apparatus within the borehole, injecting fluidic materials into the first, second 
and third fluid passages, positioning a bottom ping in the bottom throat 
passage, injecting a non-hardenable fluidic material through the first fluid 
passages and the first radial passages and pressure sensitive valves into the 

5 annular region to radially expand a portion of the expandable tubular menaber, 
displacing the annular sleeve to fluidicly couple the second and third radial 
passages, injecting a hardenable fluidic sealing material through the first, 
second, and third fluid passages, and the second and third radial passages, 
displacing the annular sleeve to fluidicly decouple the second and third radial 

10 passages, and injecting a non-hardenable fluidic material throu^ the first fluid 
passage and the first radial passages and pressure sensitive valves into tiie 
annular region to radially expand another portion of the expandable tubular 
member. In an exemplary embodiment, positioning the apparatus within the 
borehole includes posiiaoning an end of the expandable tubtilar member 

1 5 adtjacent to the bottom of the borehole. In an exemplary embodiment, 

positioning the apparatus within the borehole includes positioning an end of the 
expandable tubular member adjacent to a preexisting section of VTellbore casing 
within the borehole. In an exemplary embodiment, injecting a non-hardenable 
fluidic material into the first fluid passage and first radial passages and 

20 ])ressure sen^tive valves to radially expand a portion of the expandable tubular 
member includes injecting a non-hardenable fluidic material into the first fluid 
passage and first radial passages and pressure sensitive valves to radially 
expand the e^andable tubular member imtil an end portion of the tubtdar 
member is positioned proximate the bottom of the borehole. In an exemplary 

25 embodiment, the method fiutho: includes positioning a top plug in the top 
throat passage. 

A method of coupling an expandable tubular member to a preexisting 
structure such as, for example, a wellbore casing, a pipeline, or a structural 
support has also been described that includes positioning an expandable tubular 
30 member within the preexisting structure, iigecting fluidic materials into the 
expandable tubular member, fluidicfy isolating a first region from a second 
region within the e^andable tubular member, fluidicly coupling the first and 
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second regions, injecting a hardenable flnidic sealing material into the 
expandable tubular member, fluidicly decoupling the first and Becond regions 
and injecting a non-hardenable fluidic material into the expandable tubular 
member to radially e35)and the tubular member. In an exemplary embodiment, 
5 positioning the expandable tubular member within the preexisting structure 
includes positioning an end of the espandable tubular member a^'acent to the 
bottom of the preexisting structure. In an exemplary embodiment, the method 
farther includes fluidicly isolating the second region from a third region within 
the expandable tubular member. 

10 An apparatus for coupling an e^andable tubular member to a 

preexisting structure such as, for example, a wellbore casing, a pipeline, or a 
structural support has also been described that includes means for positioning 
the expandable tubular member within the preexisting structure, means for 
injecting fluidic materials into the expandable tubidar member, means for 

1 S fluidicly isolating a first region from a second region witihin the expandable 
tubular member, means for flmdidy coupling the first and second r^ons, 
means for injecting a hardenable fluidic sealing material into the expandable 
tubular member, means for fluidicly decoupling the first and second regions, 
and means for injecting a non-hardenable fluidic material into the expandable 

20 tubular member to radially expand the tubular member. In an exemplary 

embodiment, the means for positioning the expandable tubular member within 
the preexisting structure includes means for positioning an end of the 
expandable tubular member adjacent to the bottom of the preexisting structure. 
In an exemplaiy embodiment, the apparatus further includes means for 

25 fluidicly isolating the second region from a third region within the expandable 
tubular member. 

A method of coupling an expandable tubular member to a preexisting 
structure has also been described that includes positioning the expandable 
tubular member within the preexisting structure, injecting fliddic materials 
30 into the expandable tubular member, fluidicly isolating a first region firom a 
second region within the ezpandable tubular member, izgecting a non- 
hardenable fluidic material into the expandable tubular member to radially 
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expand at least a portion of the tubular member, fluididy coupling the first and 
second regions, injecting a hardenable fluidic sealing material into the 
expandable tubular member, fluididy decoupling the first and second regions, 
and injecting a non-hardenable fluidic material into the expandable tubular 

5 member to radially expand another portion ofthe tabular member. In an 

exemplary embodiment, positioning the expandable tubular member mtbin the 
preexisting structure indudes positioning an end of the expandable tubular 
member a4jacent to the bottom of the preexisting structure. In an exemplary 
embodiment, positioning the expandable tubular member within the 

10 preexistmg structure indudes positioning an end ofthe expandable tubular 

member atOacent to a preexisting section of a structural element within the 
preexisting structure. In an exemplary embodiment, injecting a non- 
hardenable fluidic material into the expandable tubular member to radially 
expand at least a portion of the tubular member indudes injecting a non- 
15 hardenable fluidic material into the expandable tubular member to radially 
expand at least a portion of tiie tubular member until an end portion ofthe 
tubular member is positioned proximate the bottom ofthe preexisting 
structure. In an exemplary embodiment, the method furtha: indudes fluididy 
isolating the second region &om a third region within the expandable tubular 
20 member. 

An £^paratus for coupling an expandable tubular member to a 
preexisting structure such as, for example, a weUbore casing, a pipeline, or a 
structural support has also been described that indudes means for positioning 
the e^andable tubtilar member within the preexisting structure, means for 

25 injecting fltudic materials into the expandable tubular member, means for 
fluididy isolating a first region firom a second region within the expandable 
tubular member, means for injecting a non-hard«:iable fluidic material into the 
expandable tubular member to radially expand at least a portion of the tubular 
member, means for fluididy coupling the first and second regions, means for 

30 injecting a hardenable flmdic sealing material into the expandable tubular 

member, means for fluididy decoupling the first and second regions, and means 
for ii^jecting a non-hardenable fluidic material into the espandable tubular 
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member to radially espand another portion of the tubular member. In an 
exemplaiy embodiment, the means for positioning the expandable tubular 
member within the preexisting structure includes means for positioning an end 
of the expandable tubular member adjacent to the bottom of the preexisting 
5 structure. In an exemplary embodiment, the means for positioning the 

espandable tubular member within the preexisting structure includes means 
for positioning an end of the expandable tubular member adjacent to a 
preexisting structural element within the preexisting structure. In an 
exemplary embodiment, the means for injecting a non-hardenable fluidic 

10 material into the expandable tubular member to radially expand at least a 
portion of the tubular member includes means for injecting a non-hardenable 
ftuidic material into the expandable tubular member to radially expand at least 
a portion of the tubxilar member until an end portion of the tubular member is 
positioned proximate the bottom ofthe preexisting structure. In an exemplary 

1 5 embodiment, the apparatus fiirtha includes means for fluididy isolating the 
second region from a third region within the ^pandable tubular member. 

An apparatus for coupling an expandable tubular member to a 
preexisting stmcture such as, for example, a wellbore casing, a pipeline, or a 
structural support has also been described that includes a first aTinular support 

20 member defining a first fluid passage and one or more first radial passages 
having pressure sensitive valves fluidicly coupled to the first fluid passage, an 
annular expansion cone coupled to the first annular support member^ an 
expandable tubular member movably coupled to the expansion cone, a second 
annular support member defining a second fluid passage coupled to the 

25 expandable tubular meinber, an amiular valve member defining a third fluid 
passage fluidicly coupled to the first and second fluid passages having first and 
second throat passages, defining second and third radial passages fluidicly 
coupled to the third fluid passage, coupled to the second annular support 
member, and movably coupled to the first ^nmilar support member, and an 

30 annular sleeve releasably coupled to the first flnTiiila r support member and 

movabty coupled to the annular valve member for controUab^y fluidicly coupUng 
the second and third radial passages. An annular region is defined by the 
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region between the tubular member and the first a nnul a r support member, the 
second aimnif ir support member, the annular valve member, and the annular 
sleeve. 

An apparatus for coupling an ^cpandable tubular member to a 

5 preexisting structure such as, for example, a wellbore casing, a pipeline, or a 
structural support has also been described that includes means for radially 
expanding an expandable tubular member, and means for injecting a 
hardenable fluidic sealing material into an annuhis between the e^andable 
tubular member and the borehole. In an exemplary embodiment, the means for 

10 injecting a hardenable fluidic sealing material into an annulus between the 
expandable tubular member and the borehole includes a sliding sleeve valve. 

A method of operating an apparatus for coupling an expandable tubular 
member to a preexisting structure such as, for example, a wellbore ca s i n g, a 
pipeline, or a structural support has also been described in which the apparatus 

15 includes a first flnrmlar support member defining a first fluid passage and one 
or more first radial passages having pressure sensitive valves fluidicly coupled 
to the first fluid passage, an anwilflr expansion cone coupled to the first 
flnnnlflr support member, an ea^andable tubular member movably coupled to 
the espansion cone, a second annular support member defining a second fluid 

20 passage coupled to the expandable tubular member, an annular valve member 
defining a third fluid passage fluidicly coupled to the first and second fluid 
passages having top and bottom throat passages, defining second and third 
radial passages fluidicly coupled to the third fluid passage, coupled to the 
second anTmlnr support member, and movably coupled to the first annular 

25 support member, and an annular sleeve releasably coupled to the first anmilar 
support member and movably coupled to the nrimilflr valve member for 
controllably fluidicfy coupling the second and third radial passages. An ammlar 
region is defined by the region between the tubular member and the fiLrst 
anuTilar support member, the second mnwlflr support member, the aimular 

30 valve member, and the annular sleeve. The method includes positioning the 
apparatus within the preexisting structure, injecting fluidic materials into the 
first, second and third fluid passages, positioning a bottom plug in the bottom 
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throat passage, displacing the anmilar sleeve to fluidicly couqple the second and 
third radial passages, injecting a hardenable fluidic sealing material through the 
first, second, and third fluid passages, and the second and third radial passages, 
displacing the aTimilar sleeve to fluididy decouple the second and third radial 
5 passages, and injecting a non-hardenable fluidic material through the first fluid 
passage and the first radial passages and pressure sensitive valves into the 
annular region to radially expand the expandable tubtdar member. In an 
exemplary embodiment, positioning the apparatus within the preexisting 
structure includes positioning an end of the e:q3andable tubular member 
10 ac^'acent to the bottom of the preexisting structure. In an exemplary 

embodiment, the method finrther includes positioning a top plug in the top 
throat passage. 

A method of operating an apparatus for coupling an expandable tubular 
member to a preexisting structure such as, for example, a wellbore casing, a 

15 pipehne, or a structural support has also been described in which the apparatus 
includes a first annular support member defining a first fluid passage and one 
or more first radial passages having pressure sensitive vsjves fluididy coupled 
to the first fluid passage, an annular expansion cone coupled to the first 
annular support member, an expandable tubular member movably coupled to 

20 the expansion cone, a second annular support member defining a second fluid 
passage coupled to the expandable tubular member, an anTinlj^r valve member 
defining a third fluid passage fluididy coupled to the first and second fluid 
passages having top and bottom throat passages, defining second and third 
radial passages fluididy coupled to the third fluid passage, coupled to the 

25 second annular support member, and movably coupled to the first f^tiTi ^i flr 
support member, and an annular sleeve releasably coupled to the first arniiilgr 
support member and movably coupled to the anrinl^r valve member for 
controUably fluididy coupling the second and third radial passages. An aiiTnilar 
region is defined by the region between the tubular member and the first 

30 aimular support member, the second annular support member, the annular 
valve member, and the annular sleeve. The method indudes positioning the 
apparatus vnthin tiie preexisting stracture, injecting fluidic materials into the 
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first, second and third fluid passages, positioning a bottom plug in the bottom 
throat passage, injecting a non-hardenable fluidic material through the first 
fluid passages and the first radial passages and pressure sensitive valves into 
the annular region to radially expand a portion of the e^andable tubular 

5 member, displacing the annular sleeve to fluididy couple the second and third 
radial passages, injecting a hardenable fluidic sealing material through the first, 
second, and third fluid passages, and the second and third radial passages, 
displacing the gnT^nlar sleeve to fluidicly decouple the second and tiurd radial 
passages, and injecting a non-hardenable fltiidic material through the first fluid 

10 passage and the first radial passages and pressure sensitive valves into the 
annular region to radially expand another portion of the expandable tubular 
member. In an exemplary embodiment, positioning the apparatus mthin the 
preexisting structure includes positioning an end of the expandable tubular 
member adjacent to the bottom of the preexisting structure. In an exemplary 

15 embodiment, positioning the apparatus within the preexisting structure 
includes positioning an end of the e:^andable tubidar member at^jacent to a 
preexisting section of a structural element casing within the preexisting 
structure. In an exemplary embodiment, injecting a non-hardenable fluidic 
material into tbie first fluid passage and first radial passages and pressure 

20 sensitive valves to radialfy expand a portion of the ©spandable tubular member 
indudes injecting a non-hardenable fluidic material into the first fluid passage 
and first radial passages and pressure sensitive valves to radially e^and the 
expandable tubular member until an end portion of the tubular member is 
positioned proximate the bottom of the preexisting structure. In an exemplary 

25 embodiment, the method further indudes poationing a top plug in the top 
throat passage. 

Although this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates a wide range of 
modifications, dianges, and substitutions. In some instances, one may employ 
30 some features of tiie present invKition without a correspondmg use of the other 
features. Accordingly, it is appropriate that readers should construe the 
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appended claims broadly, and in a manner consistent with the scope of the 
invention. 
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Qaims 

What is claimed is: 

1 1. A method of forming a wellbore casing within a borehole wii^ 

2 subterranean formation, comprising: 

3 positioning an expandable tubular member vdthin the borehole; 

4 injecting fluidic materials into the expandable tubular member, 

5 fhiididy isolating a first region firom a second region -within the 

6 expandable tubular member; 

7 flirididy coupling the first and second regions; 

8 ii^jedang a hardenablefliddic sealing inaterial into the expandable 

9 tubular member; 

10 flmdicly decoupling the first and second regions; and 

1 1 injecting a non-hardenable fluidic material into the expandable tubular 

12 member to radially espand the tubular member. 

1 2, • The method of claim 1, wherein positioning th? expandable tubular 

2 member within the borehole comprises: 

3 positioning an end of the e^andable ttiular member adjacent to the 

4 bottom of the borehole. 

1 3. The method of claim 1, further comprising: 

2 fluidicly isolating the second region from a third region within the 

3 esqiandable tubtdar member. 

1 4. An apparatus for forming a weUbore casing within a borehole within a 

2 subterranean formation, comprising: 

3 means for positioning an Kq)andable tubtdar member within the 

4 borehole; 

5 means for injecting fluidic materials into the expandable tubular 

6 member; 

7 means for fluidicly isolating a first r^on from a second region within 

8 the expandable tubular member; 
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9 means for fhiididy coupling the first and second regions; 

10 means for injecting a hardenable fluidic sealing material into the 

1 1 expandable tubular member; 

12 means for fluidicly decoupling the first and second regions; and 

1 3 means for injecting a non-hardenable fluidic material into the 

1 4 expandable tubular member to radially expand the tubular 

15 member. 

1 5. The apparatus of claim 4, wherein the means for positioning the 

2 expandable tubiilar member within the borehole comprises: 

3 means for positioning an end of the expandable tubular member adjacent 

4 to the bottom of the borehole. 

1 6. The apparatus of daim 4, further comprising: 

2 means for fluidicly isolating the second region fix)m a third region within 

3 the e^andable tubular member. 

17. A method of forming a wellbore casing within a borehole within a 

2 subterranean formation, comprising: 

3 positioning an expandable tubular member within the borehole; 

4 injecting fluidic materials into the expandable tubular member; 

5 fhiidicly isolating a first region firom a second region within the 

6 expandable tubular member; 

7 irjecting a non-hardenable fluidic material into the expandable tubular 

8 member to radially expand at least a portion of the tubular 

9 member; 

1 0 fluidicly coupling the first and second regions; 

1 1 injecting a hardenable fluidic sealing material into the expandable 

12 tubular member; 

13 fluidicly decoupling the first and second regions; and 
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14 injecting a non-hardenable fltiidic material mto the expandable tubular 

15 mwnber to radially expand another portion of the tubular 

16 member. 

1 8. The method of claim 7, wherein positioning the expandable tubular 

2 member within the borehole comprises: 

3 positioning an end of the expandable tubular member adjacent to the 

4 bottom of the borehole. 

1 9. The method of rUs^m 7, wherein positioning the expandable tubular 

2 member within the borehole comprises: 

3 positionrQg an end of the e^andable tubular member adjacent to a 

4 preexisting section of wellbore casing within the borehole. 

1 10. The method of claim 7, wherein injectrog a non-hardenable fluidic 

2 material iuto the expandable tubular member to radially expand at least a 

3 portionof the tubular member comprises: 

4 injectiQg a non-hardenable fluidic material into the expandable tubular 

5 member to radially expand at least a portion of the tubular 

6 member tmtil an end portion of the tubular member is positioned 

7 proximate the bottom of the borehole. 

1 11. The method of claim 7, further comprising: 

2 fluidicly isolating the second region from a third region within the 

3 expandable tubular member. 

1 12. An apparatus for formiiig a wellbore casing within a borehole with^ 

2 subterranean formation, comprising: 

3 means for positioning an espandable tubular member within the 

4 borehole; 

5 means for injecting fluidic materials into the expandable tubular 

6 member; 
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7 means for fltiidicly isolating a first region from a second region mtiiin 

8 the e^andable tubular member; 

9 means for injecting a non-hardenable fluidic material into the 

10 expandable tubular member to radially expand at least a portion of 

1 1 the tubular member; 

12 means for fluididy coupliug the first aad second regions; 

13 means for injectmg a hardenable fluidic sealing material into the 

14 expandable tubular member; 

1 5 means for fluidicly decoupling the first and second regions; and 

16 means for injecting a non-hardenable fluidic material into the 

17 expandable tubular member to radially expand another portion of 
IS the tubidar member. 

1 13. The apparatus of claim 12^ wherein means for positioning the expandable 

2 tubular member within the borehole comprises: 

3 . means for positioning an end ofthe expandable tubular member adjacent 

4 to the bottom of the borehole. 

1 14, The apparatus of claim 12, wherein means for positioning the expandable 

2 tubular member within the borehole comprises: 

3 means for positioning an end of the expandable tubular member adjacent 

4 to a preexisting section of wellbore casing within the borehole. 

1 15. The apparatus of claim 12, wherein means for injecting a non-hardenable 

2 fltddic material into the expandable tubular member to radially expand at least 

3 a portion of the tubular member comprises: 

4 means for injecting a non-hardenable fiiddic material into the 

. 5 e^andable tubular member to radially expand at least a portion of 

6 the tubular member until an end portion of the tubular member is 

7 positioned proximate the bottom of the borehole. 

1 16. The apparatus of claim 12, further comprising: 
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2 means for fluidicly isolating the second region from a third region within 

3 the espandable tubular member. 
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1 17. An apparatus for forming a wellbore casing within a borehole within a 

2 subterranean formation, comprising: 

3 a first f>Tm^ i1flr support member defining a first fluid passage and one or 

4 more first radial passages having pressure sensitive valves fluidicly 

5 coupled to the first fluid passage; 

6 an ^mmTflr expansion cone coupled to the first annular support member; 

7 an expandable tubular member movably coupled to the expansion cone; 

8 a second annular support member defining a second fluid passage 

9 coupled to the expandable tubular member; 

10 an fiTiTmlar valve member defining a third fluid passage flxiidicly coupled 

11 to the first and second fluid passages having first and second 

12 throat passages^ defining second and third radial passages fluidicly 

13 coupled to the third fluid passage, coupled to the second annular 

14 support member, and movably coupled to the first annular support 

15 member; and 

16 an ftrnnilar sleeve releasably coupled to tiie first annular support member 

17 and movably coupled to the annular valve member for controUably 

1 8 fluidicly coupling the second and third radial passages; and 

19 wherein an ffn'""^^''^ region is defined by the region between the tubular 

20 member and the first annular support member, the second 

21 annular support member, the annular valve member, and the 

22 anmilar sleeve. 

118. An apparatus for forming a wellbore casing in a borehole in a 

2 subterranean formation, comprising: 

3 means for radially expanding an expandable tubular member; and 

4 means for injecting a hardenable fltudic sealing material into an annulus 

5 between the expandable tubular member and the borehole. 

1 19. The apparatus of claim 18, wherein the means for injecting a hardenable 



2 fluidic sealing material into an anntilus between the expandable tubular 

3 member and the borehole, comprises: 
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4 a sliding sleeve valve. 

1 20. A method of operating an apparatus for forming a wellbore casing within 

2 a borehole vnthin a sxibterranean formation, the apparatus comprising: 

3 a first fiTimilflr support member defining a first fluid passage and one or 

4 more first radial passages having pressure sensitive valves fhiididy 

5 coupled to the first fluid passage; 

6 an ATiTi^il^r expansion cone coupled to the first anniilar support member; 

7 an expandable tubular menkber movably coupled to the e^ansion cone; 

8 a second flTinnlnr support member defining a second fluid passage 

9 coupled to the expandable tubular member; 

10 an flTiTnilar yalve member defining a third fluid passage fluidicly coupled 

1 1 to the first and second fluid passages having top and bottom 

12 throat passages, defining second and third radial passages fltiidicly 

13 coupled to the third fluid passage, coupled to the second annidar 

14 support member, and movably coupled to the first annular support 

15 member; and 

16 an flTuwlnr sleeve releasably coupled to the first annular support member 

17 and movably coupled to the annular valve member for controllably 

18 fltudicly coupliag the second and third radial passages; and 

19 wherein an annular re^on is defmed by the region between the tubular 

20 member and the first annular support member, the second 

21 HTinnlflr support member, the annular valve member, and the 

22 annular sleeve; 

23 the method comprising: 

24 positioning the apparatus within the borehole; 

25 injecting fluidic materials into the first, second and third fluid 

26 passages; 

27 positioning a bottom plug in the bottom throat passage; 

28 displacing the annular sleeve to fluidicly couple the second and 

29 third radial passages; 
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30 injecting a hardenable fluidic sealing material through the first, 

3 1 second, and third fluid passages, and the second and third 

32 radial passages; 

33 displacing the pTimilflr sleeve to fiiiidicly decouple the second and 

34 third radial passages; and 

35 Injecting a non-hardenable fluidic material through the first fluid 

36 passage and the first radial passages and pressure sensitive 

37 valves into the annular region to radially expand the 

38 e^andable tubular member. 

1 21. The method of claim 20, v^herein positioning the apparatus within the 

2 borehole comprises: 

3 positioning an end of the expandable tubular member adjacent to Hie 

4 bottom of the borehole. 

1 22. The method of claim 20, fiirther comprising: 

2 positioning a top plug in the top throat passage. 

1 23. A method of operating an apparatus for forming a wellbore casing within 

2 a borehole within a subterranean formation, the apparatus comprising: 

3 a first annular support member defining a first fluid passage and one or 

4 more first radial passages having pressure sensitive valves fluidicly 

5 coupled to the first fluid passage; 

6 an annular expansion cone coupled to the first annular support member; 

7 an expandable tubular member movably coupled to the expansion cone; 

8 a second annular support member defining a second fluid passage 

9 coupled to the expandable tubular member; 

10 an annular valve member defining a third fluid passage fluidicly coupled 

1 1 to the first and second fluid passages having top and bottom 

12 throat passages, defining second and third radial passages fluidicty 

13 coupled to the third fluid passage, coupled to the second annular 
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14 support member, and movably coupled to the first flr niu la r support 

15 member; and 

16 an annular sleeve releasably coupled to the first annular support member 

17 and movably coupled to the anniilar valve member for controllably 

18 fluidicly coupling the second and third radial passages; and 

19 wherein an fltiTiulflr r^on is defined by the region between the tubular 

20 member and the first annular support member, the second 

21 flnnnlftr support member, the annular valve member, and the 

22 annular sleeve; 

23 the method comprising: 

24 positioning the apparatus within the borehole; 

25 mjecting fluidic materials into the first, second and third fluid 

26 passages; 

27 positioning a bottom plug in the bottom throat passage; 

28 injeding a non-hardenable fluidic material through the first fluid 

29 passages and the first radial passages and pressure sensitive 

30 valves into the a-nTmlar region to radially expand a portion 

3 1 of the expandable tubular member; 

32 displacing the flTiy»^^lay sleeve to fluidicly couple the second and 

33 third radial passages; 

34 iiyecting a hardenable fluidic sealing material through the first, 

35 second, and third fluid passages, and the second and third 

36 radial passages; 

37 displacing the annular sleeve to fluidicly decouple the second and 

38 third radial passages; and 

39 injecting a non-hardenable fluidic material through the first fltud 

40 passage and the first radial passages and pressure sensitive 

4 1 valves into the annular region to radially expand another 

42 portion of the expandable tubular member. 

1 24. The method of claim 23, wherein positioning the apparatus within the 



2 borehole comprises: 
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3 positioning an end of the ezpandable tubular member ac^jacent to the 

4 bottom of the borehole. 



1 26. The method of claim 23, wherein positioning the apparatus within the 

2 borehole comprises: 

3 positioning an end of the expandable tubular member adjacent to a 

4 preexisting section of wellbore casing within the borehole. 

1 26. The method of claim 23, wherein injecting a non-hardenable fluidic 

2 material into the first fluid passage and first radial passages and pressure 

3 sensitive valves to radially expand a portion of the ezpandable tubular member 

4 comprises: 

5 injecting a non-hardenable fluidic material into the first fluid passage 

6 and first radial passages and pressure sensitive valves to radially 

7 expand the expandable tubular member until an end portion of 

8 the tubular member is positioned proximate the bottom of the 

9 borehole. 

1 27. The method of claim 23, fiirther comprising: 

2 positioning a top plug in the top throat passage. 

1 28. A method of coupling an expandable tubular member to a preexisting 

2 structure, comprising: 

3 positioning the expandable tubular member within the preexisting 

4 structure; 

5 injecting fluidic materials into the expandable tubular member; 

6 fluididy isolating a first region firom a second region within the 

7 expandable tubular meniber; 

8 fluididy coupling the first and second regions; 

9 iojecting a hardenable fluidic sealing material iuto the expandable 

10 tubular member; 

1 1 fluididy decoupling the first and second regions; and 
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12 injedang a non-hardenable fluidic material into the expandable tubular 

13 member to radially expand the tubular meihber. 



1 29. The method of claim 28, wherein positioning the expandable tubular 

2 member within the preexisting structure comprises: 

3 positioning an end of the expandable tubular member adjacent to the 

4 bottom of the preexisting structure. 

1 30. The metiiod of daim 28, further comprising: 

2 fluididy isolating the second region from a third region within the 

3 expandable tubular member* 



1 31. An apparatus for coupling an e^andable tubular member to a 

2 preexisting structure, comprising: 



3 means for positioning the expandable tubular member within the 

4 preexisting structure; 

5 means for injecting fluidic materials into the expandable tubular 

6 member; 

7 means for fluidicly isolating a first region from a second region within 

8 the e2q)andable tubular member; 

9 means for fluidicly coupling the first and second regions; 

10 means for injecting a hardenable fluidic sealing material into the 

1 1 expandable tubular member; 

12 means for fluididy decoupling the first and second regions; and 

13 means for iujecting a non-hardenable fluidic material into the 

14 expandable tubular member to radially expand the tubxilar 

15 member. 



1 32. The apparatus of claim 31, wherein the means for positioning the 

2 expandable tubular member within the preexisting structure comprises: 

3 means for positioning an end of the expandable tubular member a4jacent 

4 to the bottom of the preexisting structure. 
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1 33. The apparatus of claim 31, further comprisiiig: 

2 means for fluidicly isolatiBg the second region from a third region within 

3 the expandable tubular member. 

1 34. A method of coupling an expandable tubular member to a preexisting 

2 structure, comprising: 

3 positioning the expandable tubular member within the preexisting 

4 structure; 

5 injecting fluidic materials into the expandable tubxilar member; 

6 fluidicly isolating a first region from a second region within the 

7 espandable tubular member; 

8 injecting a non-hardenable fluidic material into the expandable tabular 

9 member to radially expand at least a portion of the tubular 

10 member; 

1 1 fluidicly coupling the first and second regions; 

12 injecting a hardenable fltddic sealing material into the expandable 

13 tubular member; 

14 fluidicly decoupling the first and second regions; and 

1 s injecting a non-hardenable fluidic material into the expandable tubular 

1 6. member to radially expand another portion of the tubular 

17 member. 

1 35. The method of claim 34, wherein positioning the expandable tubular 

2 member within the preexisting structure comprises: 

3 positioning an end of the expandable tubular member adjacent to the 

4 bottom of the preexisting structure. 



1 36. The method of claim 34, wherein positioning the expandable tubular 

2 member within the preexisting structure compriseiS: 
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3 positioning an end of the expandable tubtilar member adjacent to a 

4 preexisting tubular structural element within the preexisting 

5 structure. 

1 37. The method of r^la^Tn 34, wherein injecting a non-hardenable fluidic 

2 material into the expandable tubular member to radially expand at least a 

3 portion of the tubular member comprises: 

4 injecting a non-hardenable fluidic material into the expandable tubular 

5 member to radialfy eqoand at least a portion of the tubular 

6 member until an end iK)rtion of the tubular member is positioned 

7 proximate the bottom of the preexisting structure. 

1 38. The method of claim 34, further comprising: 

2 fluididy isolating the second region from a third region within the 

3 expandable tubular member. 

1 39. An apparatus for coupling an e:q)andable tubiilar member to a 

2 preexisting structure, comprising: 

3 means for positioning the esqpandable tubular member within the 

4 preexisting structure; 

5 means for injectiog fluidic materials into the expandable tubidar 

6 member; 

7 means for fluidicly isolating a first region from a second region within 

8 the expandable tubular member; 

9 . means for injecting a non-hardenable fluidic material into the 

1 0 expandable tubular member to radially expand at least a portion of 

11 the tubular member; ' 

12 means for fluidicly coupling the first and second regions; 

13 means for injecting a hardenable fluidic sealing material into the 

14 expandable tubular member; 

15 means for fltddidy decoupling the first and second regions; and 
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16 means for injectiiig a non-hardenable fluidic material into the 

17 expandable tubular member to radially expand another portion of 

1 8 the tubular member. 

1 40. The apparatus of riairt} 39, wherein means for x>oationing the expandable 

2 tubular member within the preexisting structure comprises: 

3 means for positioning an end of the expandable tubular member adjacent 

4 to the bottom of the preexisting structxire. 

1 41. The apparatus of claim 39, wherein means for positioning the expandable 

2 tubular member within the preexisting structure comprises: 

3 means for positioning an end of the expandable tubtdar member adjacent 

4 to a preraisting structural element within the preexisting 

5 structure. 

1 42. The apparatus of claim 39, wherein means for injecting a non-hardenable 

2 fLuidic material into the e^andable tubular member to radial^ expand at least 

3 a portion of the tubular member comprises: 

4 means for injecting a non-hardenable fluidic material into the 

5 expandable tubular member to radially expand at least a portion of 

6 the tubular member until an end portion of the tubular member is 

7 positioned proximate the bottom of the preexisting structure. 

1 43. The apparatus of claim 39, further comprising: 

2 means for ftuidicly isolating the second region firom a third region within 

3 the expandable tubular member. 
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( 1 44. An apparakis for roupling an e^andable tubular men^ 

^ 2 preexisting structure, comprising: 

3 a fibrst aTiTmlar support member defining a first fluid passage and one or 

4 more first radial passages having pressure sensitive valves fluididy 

5 coupled to the first fluid passage; 

6 an ftriTinlflr expansion cone coupled to the first annular support member; 

7 an expandable tubular member movably coupled to the es^iansion cone; 

8 a second ^nTnilar support member defining a second fluid passage 

9 coupled to the expandable tubular member; 

10 an anTinTar yalve member defining a third fluid passage fluidicly coupled 

11 to the first and second fluid passages having first and second 

12 throat passages, defining second and third radial passages fluididy 

13 coupled to the third fluid passage, coupled to the second numilar 

14 support member, and movably coupled to the first annular support 

15 member; and 

16 an flTiTwlar sleeve releasably coupled to the first anmilar support member 

17 and movably coupled to the anTiular valve member for controUably 
1 g fluididy coupling the second and third radial passages; and 

19 wherein an urtmilflT region is defined the region between the tubular 

20 member and the first annular support member, the second 

21 fmTi^ilflr support member, tiie aimiul^ valve member, and the 

22 annular sleeve. 

1 45. An apparatus for coupling an expandable tubular member to a 

2 preexisting structure, comprising: 

3 means for radially expanding an expandable tubular member; and 

4 means for injecting a hardenable fluidic sealing material into an annulus 

5 between the e^andable tubular member and the borehole, 

1 46. The apparatus of claim 45, wherein the means for injecting a hardenable 

2 fluidic sealing material into an anniilus between the e^andable tubular 

3 member and the borehole, comprises: 
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4 a sliding sleeve valve. 

1 47. A method of operatdng an apparatus for coupling an expandable tubular 

2 member to a preexisting structure, the apparatus comprising: 

3 a first annular support member defining a first fluid passage and one or 

4 more first radial passages having pressure sensitive valves fluidicly 

5 coupled to the first fluid passage; 

6 an flTi milflr expansion cone coupled to the first anTtnlar support member; 

7 an expandable tubular member movably coupled to the expansion cone; 

8 a second flpniilflr support member defining a second fluid passage 

9 coupled to the expandable tubular membei; 

10 an nnTi nlflT valve member defining a third fluid passage fluidicly coupled 

1 1 to the first and second fluid passages having top and bottom 

12 throat passages, defining second and third radial passages fluidicly 

13 coupled to the third fluid passage, coupled to the second ammlar 

14 support member, and movably coupled to the first annular support 

15 member; and 

16 an fiT >T>i^1«T' sleeve releasably coupled to the first annular support member 

17 and movably coupled to the annular valve member for controUably 

1 8 fltiidicly coupling the second and third radial passages; and 

1 9 wherein an annular region is defined by the region between the tubular 

20 member and the first annular support member, the second 

21 annular support member, the annular valve member, and the 

22 annular sleeve; 

23 the method comprising: 

24 positioning the apparatus within the preexisting structure; 

25 iigecting fluidic materials into the first, second and third fluid 

26 passages; 

27 positioning a bottom plug in the bottom throat passage; 

28 displacing the annular sleeve to fluidicly couple the second and 

29 third radial passages; 
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3Q injecting a hardenable fluidic sealing material through the first, 

3 J second, and third fluid passages, and the second and third 

32 radial passages; 

33 displacing the annular sleeve to fluididy decouple the second and 

34 third radial passages; and 

35 injecting a non-hardenable fluidic material through the first fluid 
3g passage and the first radial passages and pressure sensitive 
37 valves into the fl rnwlnr region to radially expand the 

3g expandable tubular member. 

1 48. The method of claim 47, wh»ein positioning the apparatus within the 

2 preexisting structure comprises: 

3 positioning an end of the expandable tubular member adjacent to the 

4 bottom of the preexisting structure. 

1 49. The method of claim 47, further comprising: 

2 positioning a top plug in the top throat passage. 

1 50, A method of operating an apparatus for coupling an expandable tubular 

2 member to a preexisting structure, the apparatus comprising: 

3 a first arinnlflr support member defining a first fluid passage and one or 

4 more first radial passages having pressure sensitive valves flmdicly 

5 coupled to the first fluid passage; 

6 an ftTinnlnr expansion cone coupled to the first annular support member; 

7 an e^andable tubular member movably coupled to the expansion cone; 

8 a second aTimilar support member defining a second fluid passage 

9 coupled to the expandable tubular member; 

10 an annular valve member defining a third fluid passage fluididy coupled 

J 1 to the Gxst and second fluid passages having top and bottom 

12 throat passages, defining second and third radial passages fluididy 

13 coupled to the third fluid passage, coupled to the second annular 
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14 support member, and movably coupled to the first annular support 

15 member; and 

16 an atmnlar sleeve releasably coupled to the first annular support member 

17 and movably coupled to the annular valve member for controllably 

1 8 fluididy coupling the second and third radial passages; and 

19 wherein an annular region is defined by the region between the tubular 

20 member and the first annular support member, the second 

21 annular support member, the annular valve member, and the 

22 annular sleeve; 

23 the method comprising: 

24 positioning the apparatus within the preexisting structure; 

25 injecting fluidic materials into the first, second and third fluid 

26 passages; 

27 positioning a bottom plug in the bottom throat passage; 

28 injecting a non-hardenable fluidic material through the first fluid 

29 passages and the first radial passages and pressure sensitive 

30 valves into the annular region to radially e:q}and a portion 

31 of the expandable tubtilar member; 

32 displacing the annular sleeve to fliddidy couple the second and 

33 third radial passages; 

34 . ii\jecting a hardenable fluidic sealing niaterial through the first, 

35 second, and third fluid passages, and the second and third 

36 radial passages; 

37 displacing the annular sleeve to fluidicly decouple the second and 

38 third radial passages; and 

39 injecting a non-hardenable flmdic material through the first fluid 

40 passage and the first radial passages and pressure sensitive 

4 1 valves into the annular region to radially expand another 

42 portion of the expandable tubular member. 

I 51. The method of claim 50, wherein positioning the apparatus within the 



2 preexisting structure comprises: 



-69- 



wo 02/23007 ^ PCT/USOl/28960 

3 positioning an end of the e^)aiidabletubtilarmem]^ 

4 bottom of the preexisting structure. 

1 52. The method ofdaim 50, wherein positioniQg the apparatus tdthin the 

2 preesisting structure comprises: 

3 positioning an end of the expandable tubiolar member adjacent to a 

4 preexisting section of a structural element within the preexisting 

5 structure. 

1 53. The method of claim 50, wherein iiflecting a non-hardenablefluidic 

2 material into the first fluid passage and first radial passages and pressure 

3 sensitive valves to radially expand a portion of the expandable tubular member 

4 comprises: 

5 injecting a non-hardenable fluidic material into the first fluid passage 

6 and first radial passages and pressure sensitive valves to radially 

7 expand the expandable tubular member until an end portion of 

8 the tubular member is posiiaoned proximate the bottom of the 

9 preexisting structure. 

1 54. The method of daim 50, fiirther comprising: 

2 poationing a top plug in the top threat passage. 
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pressure expansion foice and mechanical npansion force is selected to be sufficient to 
induce expansion of the mbing. 
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DOfnmOLE APPAKATVS AHD METHOD FOR EXSANDIHG A TDBIN6 

This invention relates to tubing expansion, and in 
particular to expansion of tubing downhole. 

BJkCTflRQOW n ftg TOB INVEH'riOII 

The oil and gas exploration and production industry is 
making increasing use of expandable tubing, primarily for 
use as casing and liner, and also in straddles, and as a 
support for expandable sand screens. Various forms of 
expansion tools have been utilised, including expansion 
dies, cones and mandrels which are pushed or pulled through 
tubing by mechanical or hydraulic forces. However, these 
tools require application of significant force to achieve 
expansion and must be packed with grease to serve as a 
lubricant between the faces of the cone and the tubing. A 
number of the difficulties associated with expansion cones 
and mandrels may be avoided by use of rotary expansion 
tools, which feature rolling elements for rolling contact 
with the tubing to be expanded while the tool is rotated 
and advanced through the tubing; a range of such tools is 
disclosed in WO00\37766, the disclosure of which is 
incorporated herein by reference. Although the expansion 
mechanism utilised in rotary expansion tools tends to 
require only relatively low actuation forces, the various 
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2 

parts of the tools may experience high loading, for example 
the rollers may experience very high point loads where the 
roller surfaces contact the tubing under expansion. 
Clearly, such high loadings increase the rate of wear 
5 experienced by the tools and the requirement to build the 
tools with the ability to withstand such loads tends to 
increase the cost and complexity of the tools. 

GB 2348223 A, GB 2347950 A and GB 2344606 A (Shell 
Internationale Research Maatschappij B.V.) disclose various 
10 arrangements in which a tubular member is extruded off a 
mandrel to expand the member- The axial force necessary to 
extrude and thus expand the member is achieved by creating 
an elevated fluid pressure chamber in the tubular member 
below the mandrel, which pressure creates an axial force on 
15 the closed end of the tubular member below the mandrel 
sufficient to pull the member over the mandrel. The 
elevated fluid pressure acts only the expanded portion of 
the tubular member below the mandrel. 

US Patent No. 5,083,608 (Abdrakhmanov et al) discloses 
20 an arrangement for ' patching off troublesome zones in a 
well. The arrangement includes profile pipes which are run 
into a borehole and then subject to elevated internal 
pressure to straighten the pipes and bring them into 
engagement with the surrounding wall of the borehole. A 
25 reamer is then rotated within the straightened pipes, with 
an axial load being applied to the reamer. The reamer is 



wo 02/081863 PCT/GB0iy04958 

3 

utilised to expand the threaded joints of the pipe and to 
further straighten the pipe, and also to provide clearance 
between a seal on the reamer and the inner wall of the pipe 
which was utilised to permit the original fluid pressure 
5 induced straightening of the pipe. 

It is among the objectives of the present invention to 
provide an expansion method and apparatus which obviates or 
mitigates one or more disadvantages of the prior art 
expansion arrangements. 

10 snMMARY Off THE INVEMTIQN 

According to the present invention there is provided 
a method of plastically expanding a tubing, the method 
comprising: 

applying a fluid pressure expansion force to a section 
15 of tubing; and 

locating an expansion tool in the pressurised tubing 
and applying a mechanical expansion force to the 
pressurised tubing section, the combined fluid pressure 
force and mechanical expansion force being selected to be 
20 sufficient to induce yield of the tubing. 

The invention also relates to apparatus for providing 
such expansion. 

The use of a combination of fluid pressure and 
mechanical forces allows expansion to be achieved using a 
25 lower fluid pressure than would be necessary to achieve 
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expansion when relying solely on fluid pressure to induce 
expansion, and furthermore provides far greater control of 
the expansion process; it is generally difficult to 
predict the form of the expanded tubing that will result 
5 from a solely fluid pressure-induced expansion, and failure 

of tubing in such circumstances is common. Also, the 
combination of fluid pressure and mechanically- induced 
expansion allows expansion to be achieved while the loads 
experienced by the mechanical expansion tool remain 

10 relatively low, greatly extending the life of the tools. 

By way of example, a tubing may be subject to an internal 
fluid pressure selected to induce a hoop tensile stress 
which represents 60% of yield. By then applying an 
additional mechanically-applied expansion force sufficient 

15 to induce yield, the tubing may be expanded. Of course the 
relative proportions of the stress contributed by the fluid 
pressure and by the expander tool may be varied to suit 
particular applications, and issues to be taken into 
account may include: the nature of the tubing to be 

20 expanded, as lower quality tubing may respond in an 
unpredictable manner to elevated hydraulic pressures, such 
that a greater proportion of the stress must be 
mechanically applied, and thus greater control exercised 
over the expansion process; and the capabilities of the 

25 apparatus available, for example pump or fluid conduit 

capabilities may place limits on the applied fluid 
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pressures. 

Various prior art proposals have utilised expansion 
dies or cones which are urged through tubing under the 
influence of an axial fluid pressure force acting on the 

> die or cone, or in which tubing is extruded from a mandrel 
under the influence of axial fluid pressure force acting on 
the expanded tubing below the mandrel. However, in these 
instances the fluid pressure force is applied behind or 
below the die or cone, and the section of the tubing under 

) expansion is not exposed to the elevated die-driving or 
tubing-extruding fluid pressure. Indeed, in order to 
provide the force necessary to drive the die or mandrel 
forward relative to the tubing in such existing 
arrangements, and to prevent leakage of the driving fluid 

5 past the die, it is necessary that there is an effective 

pressure- tight seal between the die and the expanded 
tubing. This seal may be provided by the contact between 
the die and the tubing wall, or by a separate seal assembly 
provided on the die. 

0 It is a further advantage of the present invention 

that the fluid being utilised to pressurise the tubing may 
also serve as a lubricant between the expansion tool and 
the tubing, facilitating relative movement therebetween and 
thus reducing the degree of force necessary to move the 

5 expansion tool through the tubing. This is of particular 

significance where the expansion tool is a die or cone# and 
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the pressurising fluid provides an effectively infinite 
supply of lubricant, as opposed to the finite supply of 
grease or other lubricant provided in conventional 
expansion arrangements (see^ for example, GB 2344606 A, in 
5 which a body of lubricant 275 is provided in the unexpanded 
portion of the tubing above the expansion mandrel); once 
the lubricant has been exhausted, the cone must be 
retrieved to the surface and repacked. Of course the 
presence of a lubricant will also reduce the rate of wear 
10 to the bearing portions of the expansion tool- 

Although intended primarily for use in expanding bore- 
lining metal tubing, the invention has application in other 
downhole applications, and may also be used in subsea or 
surface applications. 
15 The expansion tool may take any appropriate form, 

including an expansion die or cone, and may be in the form 
of a cone or other member carrying a plurality of rollers 
rotatable about axes substantially perpendicular to the 
tubing axis. However, it is preferred that the expansion 
20 tool is a rotary expansion tool, or rolling element 
expander, that is the tool features at least one expansion 
member which, in use, is in rolling contact with the tubing 
wall; the expansion member may follow a circumferential or 
helical contact path with the tubing wall. Most 
25 preferably, the expansion members are conical in form or 
are mounted on axes arranged to define a cone. In another 
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embodiment of the invention, a rotating expansion tool may 
be utilised which features a non-rotating expansion member 
or members, preferably of a relatively hard material such 
as a ceramic material, which provides a sliding contact 
5 with the tubing wall. The members may be radially 
extendable or may be radially fixed. In one embodiment, 
blocks of silicon carbide or titanium carbide may form the 
expansion members. 

Preferably, the expansion tool is fluid pressure 

10 actuated, and may include a hydraulic drive motor to rotate 

the tool; the motor may utilise the fluid providing the 
expansion force as a drive fluid, the fluid exhausting into 
a lower pressure section of the bore isolated from the 
expansion section- In other embodiments, an electric motor 

15 may be utilised. 

The expansion tool is preferably provided in 
combination with a seal assembly, for providing a fluid- 
tight seal with the unexpanded tubing ahead of the 
expansion tool. As the fluid pressure in the unexpanded 

20 tubing ahead of the seal assembly will tend to be lower 
than the elevated pressure behind the seal assembly, this 
differential pressure will tend to produce an axial 
pressure force acting on the seal assembly, which may be 
utilised to drive the expansion tool forwards. 
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BRIEF DESCRIPTION OF THB DRAWINGS 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
accompanying drawings, in which: 
5 Figure 1 is a schematic sectional view of tubing 

expansion apparatus in accordance with a preferred 
embodiment of the present invention; 

Figure 2 is a diagrammatic part-sectional view of an 
expansion tool of expansion apparatus in accordance with 
10 another embodiment of the present inventions- 
Figures 3, 4, 5 and 6 are sectional views on lines 3 - 
3, 4-4, 5-5 and 6 - 6 of Figure 2; and 

Figure 7 is a diagrammatic part-sectional view of an 
expansion apparatus in accordance with a further embodiment 
15 of the present invention. 



PETAII^D DESCRIPTION OF THE DRAWINGS 

Reference is first made to Figure 1 of the drawings, 
which illustrates expansion apparatus 10 in accordance with 
a preferred embodiment of the present invention, shown 

20 located in the upper end of a section of tubing in the form 

of bore liner of expandable metal, hereinafter referred to 
as liner 12. In use, the apparatus 10 and liner 12 are run 
into a drilled bore together, and the liner 12 positioned 
in a section of unlined bore, and possibly overlapping the 

25 lower end of existing bore-lining casing. The apparatus 10 
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is then operated to expand the liner 12 to a larger 
diameter, the liner of the original, unexpanded diameter 
being identified as liner 12a, and the expanded larger 
diameter liner being identified by the reference numeral 
12b. 

The apparatus 10 includes a rolling element expander 
14 having a generally conical body 16 carrying a number of 
rolling elements 18. The expander 14 is coupled to a 
hydraulic drive motor 20 mounted on a running tube 22 which 
extends upwardly, through a stuffing box 24, to surface. 
The stuffing box 24 is provided in an upper seal assembly 
2 6 mounted to the top of the liner 12. Mounted below the 
expander 14, via a swivel 28, is a lower seal assembly 30 
which is adapted to provide a sliding seal with the 
unexpanded liner 12a. 

In use, the volume 32 defined by the liner 12 between 
the seal assemblies 26, 30 is supplied with high pressure 
hydraulic fluid from an appropriate source, such as a 
surface or downhole pump. In Figure 1 a hydraulic fluid 
inlet 34 is illustrated as passing radially through a part 
of the upper seal assembly 26, however in practice the 
inlet 34 would be arranged axially, to allow accommodation 
of the apparatus 10 in a bore, and to allow supply of 
hydraulic fluid via a running tube in the form of a coaxial 
coil tubing or drill pipe. The pressure of the hydraulic 
fluid is selected to induce a predetermined hoop tensile 
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Stress within the liner 12. The hydraulic fluid exhausts 
through the drive motor 20, which includes a hydraulic 
fluid driven turbine, the exhausted fluid passing up to the 
surface via the running tube 22 . 
5 The exhausted fluid is throttled, or the flow and 

pressure of the fluid otherwise controlled, to control the 
pressure within the volume 32, and also the operation of 
the motor. The throttling may take place downhole or at 
surface . 

10 The passage of fluid through the motor 20 causes the 

motor to rotate the expander 14, and thus if the motor 20 
is advanced through the liner 12, the expander 14 will act 
on the transition portion 12c between the section of 
unexpanded and expanded liner 12a, 12b. The forces acting 

15 on the transition portion 12c comprise a combination of the 

stress induced by the elevated hydraulic fluid pressure 
within the volume 32, and the mechanical pressure forces 
applied by the surfaces of the rolling elements 18. The 
combination of forces is selected so as to be sufficient to 

20 induce yield and thus plastic deformation of the liner 12. 

As noted above, the lower seal assembly 30 isolates 
the pressurised volume 32 from the remainder of the 
unexpanded liner 12a, which is at a lower pressure than the 
volume 32. Accordingly, the differential pressure acting 

25 on the assembly 30 produces an axial force tending to push 
the apparatus 10 through the liner 12. There is thus no 
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requirement to apply weight from surface to the apparatus 
10. 



5 A liner 12 to be expanded is 7%" 29.7 lb\ft N80 tubing 

which has a burst pressure of approximately 7^000 psi. The 
hydraulic fluid supplied to the volume 32 is at 5^000 psi. 
The liner wall is therefore subjected to a tensile stress 
of 51,000 psi, which represents 63% of the yield for the 
10 liner (not taking into account the effect of radial stress 
in the region of 25,000 psi). 

The drive fluid to the hydraulic motor 20 enters 
through an inlet port 36 and exhausts into the running tube 
22, thereby adding the motor pressure drop to the applied 
15 internal pressure- The hydraulic return to surface is 
throttled to maintain the applied liner pressure, taking 
into account the motor pressure drop and the parasitic 
losses in the running tube 22. 

The net axial force applied to the expansion assembly 
20 is the pressure differential across the lower seal assembly 

30 times its cross-sectional area minus the pressure 
differential across the stuffing box 24 times the cross- 
sectional area of the running tube 22. If the running tube 
22 has an outside diameter of 5" and the internal diameter 
25 of the 7%" liner is 6.88", then the down force applied to 
the assembly is 83,000 Ibf, which is in excess of the force 
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required to drive the expander 14 through the liner 12, 
such that a braking assembly must be provided on surface 
for the running tube 22. Alternatively, a larger diameter 
running tube 22 could be utilised. 

Reference is now made to Figures 2 to 6 of the 
drawings, which illustrate an alternative expander 4 0 in 
accordance with a further embodiment of the present 
invention, shown located in a section of liner 42 during 
expansion. From a comparison of the figures, those of 
skill in the art will recognise that Figure 2 shows various 
internal features of the expander 40, 

The expander 40 features a generally conical body 4 4 
on which are mounted five rows of rollers 4 6, 47, 48, 4 9 
and 50 (the section shown in Figure 6 corresponds to both 
sections 6-6 and 6a-6a of Figure 2) . Unlike the rolling 
elements 18 of the first described embodiment, the rollers 
46 to 50 rotate around axes that lie substantially 
perpendicular to the liner axis, and the expander 40 is 
therefore intended to advance axially through the liner 42 r 
without rotation. 

Such an expander configuration would not be practical 
in the absence of assisting hydraulic expansion forces, as 
the bearing loads experienced on expanding heavy walled 
tubing would far exceed the capabilities of the bearings 
that could be installed in the limited space available. 
However, with applied internal hydraulic pressure providing 
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the bulk of the expansion forces, the roller bearings are 
relatively lightly loaded. 

Reference is now made to Figure 7 of the drawings, 
which illustrates an expansion apparatus 60 in accordance 
with a further enfcodiment of the present invention located 
within a partially expanded borehole liner 58. 

The apparatus 60 includes an expander cone 62 mounted 
to a tubular running string 64, and mounted below the cone 
62 is a seal assembly 66 adapted to provide a sliding seal 
with the unexpanded liner 58. 

As with the above described embodiments, an elevated 
fluid pressure above the seal assembly 66 provides an 
initial expansion force acting on the liner 58, while the 
passage of the cone 62 provides a further mechanical 
expansion force which, in combination with the hydraulic 
expansion force, is sufficient to induce yield in the liner 
58 . The axial pressure force acting on the seal assembly 
66 may also serve to drive the cone 60 through the tubing 
58, and the presence of the pressurising force around the 
cone 62 provides an effectively infinite supply of 
lubricant for the cone 62; fluid communication across the 
cone 62 may be assured by providing linked ports 68, 70 
above and below the cone 62. 

It will be apparent to those of skill in the art that 
the above-described embodiments provide an alternative 
method for expanding tubing downhole, and that the 
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invention offers a number of advantages over existing 
systems . 

Furthermore, those of skilled in the art will 
recognise that the above-described embodiments are merely 
exemplary of the present invention, and that various 
modifications and improvements may be made thereto, without 
departing from the scope of the invention. For example, in 
the embodiment of Figure 1, rather than providing a 
hydraulic fluid driven motor 20 within the pressurised 
volume 32, a motor may be provided externally of the volume 
32, and may be located downhole or at surface. In this 
case, the upper seal assembly 26 would of course have to be 
modified to accommodate rotation. 
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1, A method of expanding tubing, the method comprising: 
locating an expansion tool in a section of tubing to 

be expanded; 

5 applying fluid pressure to said section of tubing to 

create a fluid pressure expansion force and induce a hoop 
stress in said section of tubing; and 

applying a mechanical expansion force to said tubing 
section via said expansion tool, the combined fluid 
10 pressure expansion force and mechanical expansion force 

being selected to be sufficient to induce expansion of the 
tubing. 

2. The method of claim 1, further comprising locating the 
tubing downhole- 

15 3. The method of claim 1 or 2, comprising inducing 

plastic deformation of the tubing. 

4. The method of claim 1, 2 or 3, comprising selecting 
the fluid pressure to create a hoop stress in said tubing 
section representing at least 25% of the yield stress of 
20 the tubing. 
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5. The method of claim 4, comprising selecting the fluid 
pressure to create a hoop stress in said tubing section 
representing at least 40% of the yield stress of the 
tubing . 

5 6. The method of claim 5, comprising selecting the fluid 
pressure to create a hoop stress in said tubing section 
representing at least 50% of the yield stress of the 
tubing . 

7. The method of claim 6, comprising selecting the fluid 
10 pressure to create a hoop stress in said tubing section 
representing at least 60% of the yield stress of the 
tubing . 

B. The method of any of the preceding claims, further 
comprising utilising fluid utilised to create the fluid 
15 pressure expansion force as a lubricant between the 
expansion tool and the tubing. 

9. The method of any of the preceding claims, comprising 
providing the expansion tool is the form of an expansion 
die and running the die axially through the tubing section. 



20 



10. The method of any of claims 1 to 8, comprising 
providing the expansion tool in the form of an expansion 
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member carrying a plurality of rolling expansion members 
rotatable about axes which are substantially perpendicular 
to the tubing axis^ and running the expansion member 
axially through the tubing section. 

5 11. The method of any of claims 1 to 8, comprising 

providing the expansion tool in the form of a rolling 
element expander having at least one expansion member in 
rolling contact with the tubing wall, and rotating the 
expander in the tubing section. 

10 12. The method of any of the preceding claims, conprising 

utilising fluid to actuate the expansion tool. 

13. The method of claim 12, comprising providing a 
hydraulic drive motor to rotate the expansion tool, the 
motor utilising fluid providing the fluid pressure 

15 expansion force as a drive fluid. 

14. The method of any of the preceding claims, comprising 
providing the expansion tool in combination with a seal 
assembly providing a fluid-tight seal with the unexpanded 
tubing ahead of the expansion tool. 

20 15. The method of claim 14, comprising applying said fluid 

pressure to the seal assembly to drive the expansion tool 
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axially relative to the tubing. 
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16- A method of expanding a tubular, comprising: 

(a) applying fluid pressure to an inside surface of 
the tubular; 

(b) applying a mechanical force to the inside surface 
of the tubular; and 

(c) expanding the tubular with the combination of the 
fluid pressure and the mechanical force. 

17. A method of increasing an outer diameter and inner 
diameter of a tubular, comprising: 

(a) applying fluid pressure to an inside surface of 
the tubular; 

(b) applying a mechanical force to the inside surface 
of the tubular; and 

(c) increasing the outer diameter and the inner 
diameter of the tubular with the combination of the fluid 
pressure and the mechanical force. 

18- A method of increasing an outer diameter and inner 
diameter of a tubular, comprising: 

(a) applying fluid pressure to an inside surface of 
the tubular; 

(b) applying a mechanical force to the inside surface 
of the tubular at least partially simultaneously with the 



10 



15 



20 
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application of fluid pressure; and 

(c) increasing the outer diameter and the inner 
diameter of the tubular with the combination of the fluid 
pressure and the mechanical force. 

19. The method of claim 16^ 17 or 18, wherein the tubular 
is a downhole tubular - 

20. The method of claim 16, 17, 18 or 19, wherein the 
fluid pressure causes the tubular wall to approach its 
yield strength. 

21. The method of any of claims 16 to 20, wherein the 
mechanical force urges the tubular to expand. 

22. The method of any of claims 16 to 21, wherein the 
expansion is plastic. 

23. A method of plastically expanding a downhole tubular, 
comprising applying a combination of hydraulic and 
mechanical expansion forces to unexpanded and expanding 
portions of the tubular wall, the applied hydraulic 
expansion force being selected to provide sufficient stress 
in the tubular wall to cause the wall to approach but not 
exceed its yield strength, and the mechanically applied 
force providing an additional stress required to push the 
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tubular wall through yield and causing controlled local 
expansion of the tubular wall. 

24 . Apparatus for expanding a tubing^ the apparatus 
comprising: 

5 means for isolating the interior of a section of 

tubing; 

means for supplying fluid at elevated pressure to the 
isolated section of tubing to create a fluid pressure 
expansion force on the tubing wall; and 
.0 an expansion tool for location in the pressurised 

section of tubing and adapted to apply a mechanical 
expansion force to the tubing wall simultaneously with the 
fluid pressure expansion force. 

25. The apparatus of claim 24, wherein the expansion tool 
L5 is an expansion die adapted to be moved axially through the 

tubing section. 

26. The apparatus of claim 24, wherein the expansion tool 
has a body carrying a plurality of expansion members 
rotatable about axes substantially perpendicular to the 

20 tubing axis and is adapted to be moved 'axially through the 

tubing section. 



27. The apparatus of claim 24, wherein the expansion 
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has at least one expansion member and is adapted to be 
rotated in the tubing section. 

28. The apparatus of claim 21, wherein the expansion 
member is radially movable. 

29. The apparatus of claim 27 or 28, wherein the expansion 
tool is a rolling element expander having a plurality of 
rotatable expansion members. 

30. The apparatus of claim 29, wherein the expansion 
members are arranged to define a cone. 

31. The apparatus of any of claims 24 to 30, wherein the 
expansion tool is fluid pressure actuated. 

32. The apparatus of claim 31, wherein the expansion tool 
includes a hydraulic drive motor to rotate parts of the 
tool . 

33. The apparatus of any of claims 24 to 32, wherein said 
isolating means includes a seal assembly for providing a 
fluid-tight seal with unexpanded tubing ahead of the 
expansion tool- 



34. The apparatus of claim 33, wherein a swivel is 
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provided between the expansion tool and the seal assembly. 



35. The apparatus of any of claims 23 to 34, wherein said 
means for supplying fluid at elevated pressure includes a 
first conduit for carrying fluid to the interior of the 

5 section of tubing and a second conduit for carrying fluid 

from said section of tubing - 

36. The apparatus of any of claims 24 to 35^ wherein said 
means for supplying fluid at elevated pressure includes a 
coaxial support member. 

10 37- The apparatus of any of claims 24 to 36, wherein said 

means for supplying fluid at elevated pressure includes a 
throttle for controlling the pressure of fluid in said 
section of tubing* 

38. The apparatus of any of claims 24 to 31, in 
15 combination with a section of expandable tubing. 

39. The combination of claim 38, wherein the tubing is 
bore-lining tubing. 




SUBSHTUTE SHEET (RULE 26) 



wo 02/081863 



PCT/GB01/049S8 




SUBSTITUTE SHEET (RULE 26) 



WO02/D81863 



PCT/GBOl/04958 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



InU nlApfllcattonNo 

PC./«3 01/04958 



I A. CLASSinCAlIGN OF SUBJECT MATTER \ 

IPC 7 E21B43/10 B21D26/02 



A«x>txln9toini»Mik)oaiPatanl(aa»ia^ 

a ncLD$SEAncHa) 



[ MWmumdocuPWrtadDnsaaidttd (c tosamLafcwi ayateni lo O owwd by dBaaWcriton ag^^ 

IPC 7 £218 B21D 



I ODOunwiil^tanBaM€h»do»er1haniiiinlmumdocure^^ 



ElectiDDic data base csnsuRfid during ihe MemaiionBl 

EPO-Internal , PAJ, WPI Data 



(rmeofdtatabaseandi wham pmcUca^aeaichtAnm used) 



gPOCUIiaiTBCOMSiDCftED TO BE RELEVANT 



1 CMagny* 


CMallm«rdDeutMfll.wlhlidKatlon, wlM>eapp«)pilat«,olttwiBlmaniinKages 


Ralevani to claim Na 


X 


DE 21 40 358 A (MO WYSSCHEE TEKHN 
UTSCHILISCHT;TSNII TECHN0L06II HASH) 
20 June 1973 (1973-06-20) 
page 5, paragraph 2 
figure 1 


16-18, 
21,22, 
24,25,38 


A 


UO 00 37766 A (ASTEC DEV LTD ; SIMPSON NEIL 
ANDREW ABERCROMBI (GB)) 
29 June 2000 (2000-06-29) 
cited 1n the application 
the Mho1e docunient 


1,16-18, 
23,24 


A 


6B 2 348 223 A (SHELL INT RESEARCH) 
27 Septeaiber 2000 (2000-09-27) 
cited In the application 
the Mhole docunent 

-/- 


1,16-18, 
23,24 



Further documeins am iMed in tm coriUnuatkm of box a 



0 



fandy meiitas are Med bi annex. 



" SpecW GBlegorlBs of died doGunnnia : 

*A* docamantdallnlng the general steitt of tte aii Mrfiidt is noA 

amridarad to be Ql putkwlar lelBvance 
I *E* eerier doeunttni bui pubflsliad on or anerihe Intemailonal 
flngdale 

I V dooumemMrdch may Ihraw double on prtodty cSalm{8)or 
«ihiehtecMloe«abfisltmepiiblca^ 
dstton or ottier special leeaon (as apecHod) 

I -or docaimentrelBntn>toeooialdlBdo8uie,uaB. exhMionor 
mhormeerw 

I *P* document puWWMd prior to the imenMOoeal filngdatebut 
later man the prtorty date ctabned 

j Date 01 the actual axnptatton oT tlie beemationai search 

22 January 2002 



a* later document publsned after the Intemailonal ntng dale 
orprtoiiydaieandnoiincorfDctwihthe appUcdtion but 
died 10 understand the prhdple or tteoiy underiytng the 



•X* document otpaiUculsrielev&noe: the damned mvenHpo 
CMUWtbeamsidBredacwelorcannoibeccnsldefed lo 
involve«ibwen»«eiepwbeiiibedocuinemlB lakenolone 

•Y* document or paitioil&rretamnoB: the claimed lm«rtloo 
cannd be considered to iDvoh« an bwenth^ step wt)en the 
document is combined ¥P«hor« or mom omer auchdooH 
RWOe^sudicomlinalioQ being obvious to a perm sidlled 
btheen 

•A* document member of the same peientraml^ 



I NannandmaBnoad(bess€llt»lSA 

Bmean Piloni onoe, P.a 581B Petettf taan 2 
NL-SB0HVn|8«fBt 
TeL (-^I'TO) 34O-20i(X Tx. 31 6S1 oponl. 
Fax: (*S1-7C| 340-3016 



Date of meni« ol the MemaliDnal search report 

30/01/2002 



Autiortzed ofncer 



Schouten, A 



RMm PCT/ISA/210 fMaondtfiael) (AUr 1092) 



INTERNATIONAL SEARCH REPORT 


Inta nalApplleaUMNo 

PCi/ttB 01/04958 


C^CondmnUon) 0OCUMEKISCCIIISB)EHeDTDBeH8LEVAWT 




CteMm ol Oumirw*. nm Indfcauwuirtiiiiu UMimiilWO. ol la ralavanl (jttiMUBi 


tefewi to dUrn No, 


A 


GB Z 347 950 A (SHELL INT RESEARCH) 
20 Septeoiber 2000 (2000-09-20) 
cited In the application 
the whole document 




1,16-18, 
23.24 


A 


GB 2 344 606 A (SHELL INT RESEARCH) 
14 June 2000 (2000-06-14) 
cited In the application 
the whole docinent 




1,16-18, 
23,24 



INTERNATIONAL SEARCH REPORT 



InU 

PCl/tiB 01/04958 



nrefn QOCUITlBiu 










PuUicfltion 


dtad tn search report 




date 




ineinber(s) 


date 


DC 2140358 


A 


20-06-1973 


DE 


2140358 Al 


20-06-1973 


VN) 0037766 


A 


29-06-2000 


AU 


1867900 A 


12-07-2000 








AU 


1868700 A 


12-07-2000 








AU 


1868B00 A 


12-07-2000 








AU 


1868900 A 


12-07-2000 








AU 


1876600 A 


12-07-2000 








AU 


1876800 A 


12-07-2000 








EP 


1147287 A2 


24-10-2001 








EP 


1141517 Al 


10-10-2001 








EP 


1141515 Al 


10-10-2001 








EP 


1144802 A2 


17-10-2001 








EP 


1151180 Al 


07-11-2001 








EP 


1141518 Al 


10-10-2001 








UO 


0037766 A2 


29-06-2000 








WO 


0037771 Al 


29-06-2000 








WO 


0037768 Al 


29-06-2000 








WO 


0037767 A2 


29-06-2000 








WO 


0037772 Al 


29-06-2000 








WO 


0037773 Al 


29-06-2000 








GB 


2345308 A 


05-07-2000 








GB 


2346632 A 


16-08-2000 








68 


2346400 A 


09-08-2000 








GB 


2346909 A 


23-08-2000 








GB 


2347445 A 


06-09-2000 








NO 


20012596 A 


27-07-2001 








NO 


20012597 A 


27-07-2001 








NO 


20012598 A 


30-07-2001 








NO 


20012599 A 


30-07-2001 








NO 


20012600 A 


30-07-2001 








NO 


20012865 A 


07-08-2001 


GB 2348223 


A 


27-09-2000 


NO 


20001281 A 


12-09-2000 


GB 2347950 


A 


20-09-2000 


AU 


1349200 A 


17-08-2000 






BR 


0000327 A 


10-10-2000 








DE 


10005799 Al 


02-11-2000 








NO 


20000677 A 

L W WWW' > fi 


14-08-2000 


GB 2344606 


A 


14-06-2000 


AU 


5933599 A 


08-06-2000 






BR 


9906143 A 


05-09-2000 








DE 


19958399 Al 


13-07-2000 








NO 


995991 A 


08-06-2000 








US 


6263966 Bl 


24-07-2001 








US 


2001047870 Al 


06-12-2001 








US 


2001047866 Al 


06-12-2001 








US 


2001045289 Al 


29-11-2001 





Fwm PCTASVnO < p a l t nHw % 



